EP 4 340 054 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 4 340 054 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
20.03.2024 Bulletin 2024/12

(21) Application number: 23197111.0

(22) Date of filing: 13.09.2023

(51) International Patent Classification (IPC):

HO1M 4/04 (2006.01) HO1M 4/139 (2010.01)

(562) Cooperative Patent Classification (CPC):

HO01M 4/0404; HO1M 4/139

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC ME MKMT NL

NO PL PT RO RS SE SI SK SM TR
Designated Extension States:

BA

Designated Validation States:

KH MA MD TN

(30) Priority: 15.09.2022 KR 20220116302
31.01.2023 KR 20230013307
09.06.2023 KR 20230074503
09.06.2023 KR 20230074504

(71) Applicant: LG Energy Solution, Ltd.
Seoul 07335 (KR)

(72) Inventors:
¢ SIM, Min Kyu
34122 Daejeon (KR)
* PARK, Jong Seok
34122 Daejeon (KR)
¢ KIM, Min Su
34122 Daejeon (KR)
e LEE, Jae Hwan
34122 Daejeon (KR)
* HAN, Ki Deok
34122 Daejeon (KR)

¢ JO, Eun Ji
34122 Daejeon (KR)
* PARK, Su Wan
34122 Daejeon (KR)
* JEON, Gi Yeong
34122 Daejeon (KR)
¢ KIM, June Hee
34122 Daejeon (KR)
* PARK, Wi Dae
34122 Daejeon (KR)
* SEO, Dong Min
34122 Daejeon (KR)
¢ KIM, Seol Hee
34122 Daejeon (KR)
* LEE, Dong Yeop
34122 Daejeon (KR)
¢ SU, Jun Hyo
34122 Daejeon (KR)
* HAN, Byoung Eun
34122 Daejeon (KR)
* HUH, Seung
34122 Daejeon (KR)

(74) Representative: BCKIP Part mbB

Siegfriedstrale 8
80803 Miinchen (DE)

(54) APPARATUS AND METHOD FOR MAKING UP ROLL MAP, ROLL MAP, AND SYSTEM AND
METHOD FOR MANUFACTURING BATTERY USING ROLL MAP

(57) The presentinvention provides an apparatus for
making up a roll map for supervising a secondary battery
manufacturing process. The apparatus comprises: an in-
spection and/or measurement device provided for at
least one of the respective sub-processes of the second-
ary battery manufacturing process, being configured to
inspect and/or measure an electrode subject to one of
the respective sub-processes and acquire inspected
and/or measured data specific to the respective
sub-process; a data recording unit configured to collect
process data including the inspected and/or measured

data specific to the respective sub-process and to acquire
corresponding coordinate value(s) of the position of the
inspection and/or measurement on the electrode; and a
roll map make-up unit configured to, based on the col-
lected process data, make up a roll map including a visual
imitation of the electrode subject to the respective
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority to and the benefit
of Korean Patent Application Nos. 10-2022-0116302
filed on September 15, 2022, 10-2023-0013307 filed on
January 31, 2023, 10-2023-0074503 filed on June 9,
2023, and 10-2023-0074504 filed on June 9, 2023.

BACKGROUND
1. Field of the Disclosure

[0002] The presentinvention is directed to an appara-
tus and method for making up a roll map for supervising
a secondary battery manufacturing process.

[0003] In addition, the present invention is directed to
a system/method for removing a defective portion of an
electrode in a secondary battery manufacturing process
and also to a system/method for supervising a secondary
battery manufacturing process. Besides, the present in-
vention is directed to a roll map for supervising a sec-
ondary battery manufacturing process.

2. Discussion of Related Art

[0004] With the technological development of mobile
devices and an increase in demand for mobile devices,
the demand for secondary batteries is also rapidly in-
creasing. Among secondary batteries, a lithium second-
ary battery is widely used as an energy source for various
electronic products as well as various mobile devices be-
cause the lithium secondary battery has a high energy
density and a high operating voltage and excellent stor-
age and lifetime characteristics.

[0005] The so-called electrode manufacturing process
that is a process of manufacturing an electrode of a lith-
ium secondary battery includes a coating process of
forming a positive electrode and a negative electrode by
coating the surface of a metal electrode plate, which is
a current collector, with an active material and a certain
insulating material, a roll press process of rolling the coat-
ed electrode, and/or a slitting process of cutting the rolled
electrode according to the dimension.

[0006] To the electrode manufactured in the above
electrode manufacturing process, an electrode tab is
formed through a notching process, then, the form of a
secondary battery is made through an assembly process
of interposing a separator between the positive electrode
and the negative electrode to form an electrode assem-
bly, stacking or folding electrode assemblies to package
it in a pouch, can, etc. and injecting an electrolyte. After
that, the assembled secondary battery undergoes an ac-
tivation process of imparting battery characteristics by
charging and discharging the secondary battery and be-
comes a final secondary battery as a finished product.
[0007] When an inspection device detects a foreign
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material mixed in the active material layer or a poor coat-
ing part in the electrode manufacturing process, accord-
ing to the related art, the electrode is marked or an op-
erator attaches a defect tag to the electrode such that
defective parts can be removed in a corresponding coat-
ing process or a following process (see Patent Document
1).

[0008] However, in the case of marking directly on an
electrode, it is difficult to mark on a coating part which is
applied to the metal electrode plate, and thus there is no
choice but to mark on a non-coating part of the electrode.
Therefore, for example, when an exterior defect occurs
in the coating part, a marking is made on the non-coating
part rather than the coating part having the actual defect,
and thus it is difficult to display the exact location of a
fault or defect. In addition, Patent Document 1 employs
aphysical marking process of directly marking on an elec-
trode with information related to quality, defects, or the
like. Therefore, even if a defect occurs in a following proc-
ess in a secondary battery manufactured with the elec-
trodes due to a defect in the preceding electrode manu-
facturing process, it is difficult to find the section of the
electrode manufacturing process in which the defect was
actually caused. That is, after a physically marked elec-
trode is used for assembly or disappears, itis very difficult
to analyze the quality correlation between the electrode
manufacturing process and the following process.
[0009] Meanwhile, a technology for marking whether
there is a defect with ink directly on a corresponding sec-
ondary battery in a secondary battery assembily line after
an electrode manufacturing process is completed so that
a work history can be checked in units of secondary bat-
teries has been proposed (see Patent Document 2).
[0010] Since the above related art relates to marking
after assembly of a secondary battery, it is possible to
check a secondary battery assembly process and a sub-
sequent history. However, it is not possible to check his-
tory information about defects and the like in the preced-
ing electrode manufacturing process. That is, Patent
Document 2 relates to a technology for physically mark-
ing on a secondary battery during or after secondary bat-
tery assembly and thus is unrelated to the product history
of quality and defects in an electrode manufacturing proc-
ess. Therefore, it is likewise not possible to analyze the
quality correlation between an electrode manufacturing
process and an assembly process.

[0011] In addition, neither of the above patent docu-
ments provides non-defect information, for example, in-
formation on the amount of loading, dimensions, a width,
or the like in the electrode manufacturing process. There-
fore, for example, there may be no defect at the time of
manufacturing an electrode, but a defect such as a fire
or the like may occur in a following process or a process
of using the secondary battery. In this case, it is neces-
sary to find the cause of the defect by retracing the prod-
uct history of the battery up to the electrode manufactur-
ing process, but with the technologies proposed in the
above-described patent documents, it is not possible to
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find the cause.

[0012] Consequently, tofind the cause of a defect sub-
sequently occurring in a following process or a secondary
battery, itis required to develop a technology for display-
ing or storing history information on quality or defects in
an electrode manufacturing process which allows quality
correlation analysis in a correlation with the following
process.

[Related Art Documents]
(Patent Documents)
[0013]

(Patent Document 1) Japanese Patent Application
Laid-Open No. 2015-2149 (January 5, 2015)

(Patent Document 2) Korean Patent No. 10-1731983
(May 2, 2017)

SUMMARY OF THE INVENTION

[0014] The presentinvention is directed to an appara-
tus and method for making up a roll map for supervising
a secondary battery manufacturing process.

[0015] In addition, the present invention is directed to
a system/method for removing a defective portion of an
electrode in a secondary battery manufacturing process,
including the apparatus/method for making up a roll map,
and also to a system/method for supervising a secondary
battery manufacturing process including the appara-
tus/method for making up a rollmap. Besides, the present
invention is directed to a roll map for supervising a sec-
ondary battery manufacturing process, e.g., made up by
the apparatus/method for making up a roll map or by such
a system/method for supervising a secondary battery
manufacturing process.

[0016] The objects of the invention disclosed in this
document are not limited to the above-described objects,
and other objects that are not mentioned will be able to
be clearly understood by those skilled in the art from the
following description.

[0017] The above objects of the present invention are
achieved by the features defined in independent claim
1. Further preferred features are set forth in dependent
claims.

[0018] An aspect of the present invention provides an
apparatus for making up a roll map for supervising a sec-
ondary battery manufacturing process. The apparatus
comprises: an inspection and/or measurement device
provided for at least one of the respective sub-processes
of the secondary battery manufacturing process, being
configured to inspect and/or measure an electrode sub-
ject to one of the respective sub-processes and acquire
inspected and/or measured data specific to the respec-
tive sub-process; a data recording unit configured to col-
lect process data including the inspected and/or meas-
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ured data specific to the respective sub-process and to
acquire corresponding coordinate value(s) of the position
of the inspection and/or measurement on the electrode;
and a roll map make-up unit configured to, based on the
collected process data, make up a roll map including a
visual imitation of the electrode subject to the respective
sub-process, reflecting at least part of the process data
acquired in the respective sub-process and the corre-
sponding coordinate value(s) of the position of the in-
spection and/or measurement.

[0019] The secondary battery manufacturing process
may include a series of roll-to-roll sub-processes in which
an electrode is moved between an unwinder and a re-
winder.

[0020] The apparatus may further comprise a position
measurement device configured to acquire coordinate
values of a position of the electrode subject to one of the
respective sub-processes.

[0021] The position measurement device may be a ro-
tary encoder configured to measure the position on the
electrode according to an amount of rotation of the un-
winder and/or the rewinder.

[0022] The data recording unit may be configured to
further store correlation information between a position
on the electrode being subject to one of the sub-proc-
esses and a position corresponding thereto on the elec-
trode being subject to another one of the sub-processes.
[0023] The inspected and/or measured data may be
one of the following items: i) data on at least one of a
dimension and a width of the electrode; ii) data on mis-
match between an electrode coating part and an elec-
trode non-coating part; iii) data on an amount of slurry
loading on the electrode; iv) data on an exterior of the
electrode; v) data on a position of an electrode discon-
nection section or a connection position between elec-
trodes; vi) data on a position of a sample inspection unit;
vii) data on a position of an electrode discard section;
viii) data on insulation quality or a defect in an insulating
material coating process performed after electrode slurry
coating; ix) other pieces of defect data; x) data on refer-
ence points marked on the electrode at predetermined
intervals; and xi) data on a thickness of the electrode
after a roll press is performed.

[0024] The inspection and/or measurement device
may be at least one of: a reference point measurement
device configured to measure reference points marked
on the electrode at predetermined intervals; a joint meas-
urement device configured to detect a joint attached to
the electrode; a loading amount measurement device
configured to measure an amount of slurry loading on
the electrode; a dimension and width measurement de-
vice; an electrode exteriorinspection device; and an elec-
trode thickness measurement device.

[0025] The inspection and/or measurement device
may be directly associated to the position measurement
device so as to acquire coordinate value(s) of an elec-
trode part for which the inspected and/or measured data
has been acquired. The inspection and/or measurement
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device may be configured to transmit the inspected
and/or measured data and the corresponding coordinate
value(s) of the inspection and/or measurement to the roll
map make-up unit.

[0026] The apparatus may further comprise a control-
ler configured to control electrode movement between
the unwinder and the rewinder. The controller may be
configured to match the inspected and/or measured data
with coordinate value(s) of an electrode part for which
the inspected and/or measured data has been acquired.
The controller may be further configured to transmit the
inspected and/or measured data and the matched coor-
dinate value(s) of the inspection and/or measurement to
the roll map make-up unit.

[0027] The coordinate value of the electrode part in a
longitudinal direction of the electrode, for which the in-
spected and/or measured data has been acquired may
be obtained by adding a coordinate value according to
an amount of rotation of the rewinder at a time point of
the corresponding inspection and/or measurement and
an offset distance between the inspection and/or meas-
urement device and the rewinder.

[0028] The inspection and/or measurement device
may be configured to detect reference points marked on
the electrode at predetermined intervals. The roll map
make-up unit may be configured to mark the detected
reference points on the visual imitation of the roll map at
positions corresponding to coordinate values of the ref-
erence points on the electrode.

[0029] The roll map make-up unit may be a manufac-
turing execution system (MES) or a statistical process
control (SPC) unit.

[0030] The roll map make-up unit may include a visu-
alization device configured to define a visualization re-
gion for presenting the visual imitation of the roll map.
Furthermore, the roll map make-up unit may display the
coordinate value(s) and visualize and display the inspect-
ed and/or measured data on the defined region.

[0031] The roll map make-up unit may further include
a central processing unit configured to compare the in-
spected and/or measured data with normal data, and vis-
ualize and display data determined abnormal on the de-
fined region.

[0032] The apparatus may further comprise a manual
input device configured to receive manually inspected
and/or measured data of the electrode. The manual input
device may be configured to transmit the received man-
ually inspected and/or measured data to the roll map
make-up unit either directly or indirectly.

[0033] The coordinate value(s) acquired by the posi-
tion measurement device may include at least value(s)
representing a position on the electrode in a longitudinal
direction.

[0034] The coordinate value(s) may furtherinclude val-
ues representing a position on the electrode in a width
direction.

[0035] The inspection and/or measurement device
may be adapted to acquire the coordinate values of the
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position in the width direction.

[0036] The roll map make-up unit may be configured
to make up at least one of: an absolute coordinate roll
map representing coordinate values of the entire elec-
trode that has been subject to one of the respective sub-
processes, including an electrode part that has been re-
moved during/after the respective sub-process and a re-
maining electrode part; and a relative coordinate roll map
representing coordinate values of only the remaining
electrode part.

[0037] The rollmap make-up unit may be further adapt-
ed to make up a roll map representing both a top and a
bottom surface of the electrode.

[0038] The position measurement device may be con-
figured to derive coordinate value(s) of the detected ref-
erence points on the electrode in one of the respective
sub-processes. The apparatus may further comprise a
calculator configured to calculate a loss amount of the
electrode by comparing the derived reference point co-
ordinate values with reference point coordinate values
set prior to the respective sub-process.

[0039] The apparatus may further comprise a roll map
matching unit configured to match the visual imitation of
the electrode of the respective sub-processes to the vis-
ual imitation of the electrode of the final sub-process,
such that the visual imitations show identical electrode
surface and parts, with common coordinate values.
[0040] The apparatus may further comprise: a first roll
map make-up unit configured to make up a first roll map
corresponding to at least one of the sub-processes,
wherein the first roll map includes a visual imitation of
the electrode subject to one of the respective sub-proc-
esses, reflecting sample process data, which is a subset
of the process data including the inspected and/or meas-
ured data acquired in the respective sub-process, and
the corresponding coordinate values of the position of
the inspection and/or measurement; and a second roll
map make-up unit configured to make up a second roll
map corresponding to the respective sub-process,
wherein the second roll map includes a visual imitation
of the electrode subject to the respective sub-process,
reflecting the sample process data of the first roll map
and further reflecting additional data associated with the
sample process data and the coordinate values of the
position of the inspection and/or measurement.

[0041] The apparatus may further comprise a roll map
matching unit configured to perform at least one of the
following operations of: i) matching coordinate values of
the first roll map in a first sub-process with coordinate
values of the first roll map in a second sub-process car-
ried out directly following to the first sub-process so that
a visual imitation of the electrode included in the first roll
map of the first sub-process corresponds to a visual im-
itation of the electrode included in the first roll map of the
second sub-process; ii) matching coordinate values of
the first roll map in each of the sub-process with coordi-
nate values of the first roll map of a final sub-process
among the plural sub-processes so that a visual imitation
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of the electrode included in the first roll map of the final
sub-process corresponds to a visual imitation of the elec-
trode included in the first roll map of each sub-process
carried out preceding the final sub-process; iii) matching
coordinate values of the second roll map of the first sub-
process with coordinate values of the second roll map of
the second sub-process carried out directly following to
the first sub-process so that a visual imitation of the elec-
trode included in the second roll map of the first sub-
process corresponds to a visual representation of the
electrode included in the second roll map of the second
sub-process; and iv) matching coordinate values of the
second roll map in each sub-process with coordinate val-
ues of the second roll map in a final sub-process among
the plural sub-processes so that a visual imitation of the
electrode included in the second roll map in the final sub-
process corresponds to a visual imitation of the electrode
included in the second roll map in each sub-process car-
ried out preceding the final sub-process.

[0042] A further aspect of the present invention pro-
vides a system for supervising a secondary battery man-
ufacturing process including the apparatus for making up
a roll map. The system may comprise: a notching con-
troller configured to acquire coordinate information of a
position on an electrode moving in a roll-to-roll state in a
notching process and a cell ID provided on a respective
one of notched unit electrodes; a calculation unit config-
ured to calculate, based on the cell ID acquired by the
notching controller and a pitch information representing
a width of the notched unit electrodes, a coordinate value
of the acquired cell ID on the electrode, representing a
position of the corresponding notched unit electrode; the
roll map make-up unit, being configured to generate roll
maps of respective sub-processes of the electrode man-
ufacturing process by reflecting electrode length chang-
esduring the preceding electrode manufacturing process
on the coordinate information of a position on the elec-
trode in the notching process transmitted from the notch-
ing controller; and a mapping unit configured to derive a
position of the electrode in the electrode manufacturing
process from which the respective notched unitelectrode
originates, by comparing coordinate values of the gen-
erated roll map and the calculated coordinate value of
the cell ID.

[0043] A still further aspect of the invention provides a
system for supervising a manufacturing process of a bat-
tery, comprising: an apparatus for making up a roll map,
a coordinate value data server configured to store coor-
dinate values indicating a position of an electrode moving
in one of the sub-processes, wherein the coordinate val-
ues are coordinate values that are reflected in a roll map
generated by the roll map make-up unit, an identification
mark providing device configured to provide an identifi-
cation mark on the electrode at predetermined intervals,
and a data manager configured to match coordinate val-
ues stored by the coordinate data value server corre-
sponding to the identification mark and the identification
mark.
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[0044] Another aspect of the present invention pro-
vides a computer-implemented method of making up a
roll map for supervising a secondary battery manufactur-
ing process. The method comprises: acquiring process
data by inspecting and/or measuring an electrode subject
to one of the respective sub-processes and acquiring in-
spected and/or measured data specific to the respective
sub-process; acquiring corresponding coordinate val-
ue(s) of a position of the inspection and/or measurement
on the electrode; and making up aroll map corresponding
to atleast one of the sub-processes based on the process
data, wherein the roll map includes a visual imitation of
the electrode subject to the respective sub-process, re-
flecting at least part of the process data acquired in the
respective sub-process and the corresponding coordi-
nate value(s) of the position of the inspection and/or
measurement.

[0045] The secondary battery manufacturing process
may include a series of roll-to-roll sub-processes in which
an electrode is moved between an unwinder and a re-
winder.

[0046] The method may further comprise registering
specifications of an electrode rollinstalled on the unwind-
er to be subject to one of the respective sub-processes.
The registering may be preferably performed before the
acquiring of the inspected and/or measured data and the
coordinate value(s).

[0047] The roll map may further include correlation in-
formation between a position on the electrode being sub-
ject to one of the sub-processes and a position corre-
sponding thereto on the electrode being subject to an-
other one of the sub-processes.

[0048] The method may comprise detecting reference
points on the electrode marked at predetermined inter-
vals. In addition, the computer-implemented method may
further comprise marking the detected reference points
on the roll map at positions corresponding to coordinate
values of the corresponding reference points on the elec-
trode.

[0049] The method may further comprise comparing
the inspected and/or measured data with normal data,
and marking data determined abnormal on the roll map
to be visually distinct from the normal data.

[0050] The method may further comprise inspecting
and/or measuring a status of material input to at least
one of the respective sub-processes to acquire data on
the input material status. In addition, the computer-im-
plemented method may comprise incorporating the data
on the input material status into said process data, in
connection with the at least one of the respective sub-
processes.

[0051] The method may further comprise incorporating
into the process data further data concerning conditions
of the respective sub-process while the electrode is sub-
ject to the respective sub-process, in connection with co-
ordinate values or data display parts of the roll map.
[0052] The method may further comprise deriving co-
ordinate values of the detected reference points. In ad-
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dition, the computer-implemented method may further
comprise calculating a loss amount of the electrode by
comparing the derived reference point coordinate values
with reference point coordinate values set prior to the
respective sub-process.

[0053] The method may further comprise matching the
visual imitation of the electrode of the respective sub-
processes to the visual imitation of the electrode of the
final sub-process, such that the visual imitations show
identical electrode surface and parts, with common co-
ordinate values.

[0054] The method may include making up a first roll
map corresponding to at least one of the sub-processes,
wherein the first roll map includes a visual imitation of
the electrode subject to one of the respective sub-proc-
esses, reflecting sample process data, which is a subset
of the process data including the inspected and/or meas-
ured data acquired in the respective sub-process, and
the coordinate value(s) of the position of the inspection
and/or measurement, storing additional data associated
with the sample process data of the respective sub-proc-
ess, and making up a second roll map corresponding to
the respective sub-process, wherein the second roll map
includes a visual imitation of the electrode subject to the
respective sub-process, reflecting the sample process
data of the first roll map and further reflecting additional
data associated with the sample process data and the
coordinate values of the position of the inspection and/or
measurement.

[0055] The method may further comprise at least one
of the following steps: i) matching coordinate values of
the first roll map in a first sub-process with coordinate
values of the first roll map in a second sub-process car-
ried out directly following to the first sub-process so that
a visual imitation of the electrode included in the first roll
map of the first sub-process corresponds to a visual im-
itation of the electrode included in the first roll map of the
second sub-process; ii) matching coordinate values of
the first roll map in each of the sub-process with coordi-
nate values of the first roll map of a final sub-process
among the plural sub-processes so that a visual imitation
of the electrode included in the first roll map of the final
sub-process corresponds to a visual imitation of the elec-
trode included in the first roll map of each sub-process
carried out preceding the final sub-process; iii) matching
coordinate values of the second roll map of the first sub-
process with coordinate values of the second roll map of
the second sub-process carried out directly following to
the first sub-process so that a visual imitation of the elec-
trode included in the second roll map of the first sub-
process corresponds to a visual representation of the
electrode included in the second roll map of the second
sub-process; and iv) matching coordinate values of the
second roll map in each sub-process with coordinate val-
ues of the second roll map in a final sub-process among
the plural sub-processes so that a visual imitation of the
electrode included in the second roll map in the final sub-
process corresponds to a visual imitation of the electrode
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included in the second roll map in each sub-process car-
ried out preceding the final sub-process.

[0056] A further aspect of the present invention pro-
vides a computer-implemented method for supervising
a secondary battery manufacturing process including a
method of making up a roll map. The method may com-
prise: acquiring coordinate information of a position on
an electrode moving in a notching process and a cell ID
provided on a respective one of notched unit electrodes;
calculating, based on the acquired cell ID and a pitch
information representing a width of the notched unit elec-
trodes, a coordinate value of the acquired cell ID on the
electrode, representing a position of the corresponding
notched unit electrode; generating roll maps of respective
sub-processes of the electrode manufacturing process
by reflecting electrode length changes during the preced-
ing electrode manufacturing process on the acquired co-
ordinate information of a position on the electrode in the
notching process; and deriving a position of the electrode
in the electrode manufacturing process from which the
respective notched unit electrode originates, by compar-
ing coordinate values of the generated roll map and the
calculated coordinate value of the cell ID.

[0057] Another aspect of the present invention pro-
vides a computer-implemented method for supervising
a secondary battery manufacturing process including a
method of making up a roll map. The method further com-
prises acquiring data of coordinate values indicating a
position of an electrode being subject to one of the re-
spective sub-processes, wherein the coordinate values
are coordinate values that are reflected in the roll map
made-up for the respective sub-process, providing an
identification mark on the electrode at predetermined in-
tervals, and matching coordinate values corresponding
to the identification mark and the identification mark.
[0058] A further aspect of the present invention pro-
vides a storage medium storing software executable by
a computer, the software including commands config-
ured to, when being executed by the computer, cause
the computer to carry out a method as described above.
[0059] A further aspect of the present invention pro-
vides a roll map for supervising a secondary battery man-
ufacturing process. The roll map comprises at least one
roll map bar as a visual imitation of the electrode subject
to one of the respective sub-processes. The roll map bar
reflects thereon at least part of process data acquired in
the respective sub-process, including inspected and/or
measured data acquired in the respective sub-process
by inspecting and/or measuring the moving electrode, at
coordinate value(s) corresponding to the position of the
inspection and/or measurement.

[0060] The secondary battery manufacturing process
may include a series of roll-to-roll sub-processes in which
an electrode is moved between an unwinder and a re-
winder.

[0061] The roll map may further include correlation in-
formation between a position on the electrode subject to
one of the sub-processes and a position corresponding
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thereto on the electrode subject to another one of the
sub-processes.

[0062] The roll map may further comprise information
on at least one of: specifications of the electrode subject
to the respective sub-process; the respective sub-proc-
ess; and an equipment employed in the respective sub-
process.

[0063] The inspected and/or measured data may be
one or more of the following items: i) data on at least one
of a dimension and a width of the electrode; ii) data on
mismatch between an electrode coating partand an elec-
trode non-coating part; iii) data on an amount of slurry
loading on the electrode; iv) data on an exterior of the
electrode; v) data on a position of an electrode discon-
nection section or a connection position between elec-
trodes; vi) data on a position of a sample inspection unit;
vii) data on a position of an electrode discard section;
viii) data on insulation quality or a defect in an insulating
material coating process performed after electrode slurry
coating; ix) other pieces of defect data; x) data on refer-
ence points marked on the electrode at predetermined
intervals; and xi) data on a thickness of the electrode
after a roll press is performed.

[0064] The roll map bar may include multiple portions
respectively corresponding to each electrode lane and/or
each of a top surface and a bottom surface of the elec-
trode. The roll map bar may further include at least part
of the inspected and/or measured data is displayed on
at least one of the multiple portions of the roll map bar.

[0065] The roll map may further comprise data on a
status of material input to at least one of the respective
sub-processes.

[0066] Each of the roll map bars may include reference
points marked thereon at positions corresponding to co-
ordinate values of corresponding reference points
marked on the electrode.

[0067] The roll map may comprise at least one of: an
absolute coordinate roll map representing coordinate val-
ues of the entire electrode that has been subject to one
of the respective sub-processes, including an electrode
part that has been removed during/after the respective
sub-process and a remaining electrode part; and a rela-
tive coordinate roll map representing coordinate values
of only the remaining electrode part.

[0068] The at least one roll map bar of the respective
sub-processes may be matched to a roll map bar of the
final sub-process, such that the roll map bars show iden-
tical electrode surface and parts, with common coordi-
nate values.

[0069] A further aspect of the present invention pro-
vides a storage medium storing the roll map as described
above.

[0070] Another aspect of the present invention pro-
vides a system for removing a defective portion of an
electrode in a secondary battery manufacturing process
including a series of roll-to-roll sub-processes in which
an electrode is moved between an unwinder and a re-
winder. The system may comprise a roll map make-up
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unit configured to make up a roll map including a visual
imitation of the electrode subject to one of the respective
sub-processes, reflecting at least part of process data
including inspected and/or measured data specific to the
respective sub-process and corresponding coordinate
value(s) of the position of the inspection and/or meas-
urement, wherein the inspected and/or measured data
includes a defect on the electrode. The system may fur-
ther comprise a defect removal port for removing an elec-
trode portion with the defect, provided in at least one of
the series of roll-to-roll sub-processes. The system may
further comprise a process controller for controlling
movement of the electrode between the unwinder and
the rewinder, wherein the process controller is configured
to calculate a time point at which the electrode portion
with the defect reaches the defect removal port based
on coordinate value(s) corresponding to the position of
the inspection and/or measurement of the defect in a
preceding sub-process.

[0071] The process controller is further configured to
stop movement of the electrode when the electrode por-
tion with the defect reaches the defect removal port.
[0072] The system may further comprise a roll map
corrector configured to reverse coordinate values of the
roll map made up by the roll map make-up unit in the
preceding sub-process, so that the coordinate values of
the roll map match coordinate values of the electrode
subject to the subsequent sub-process.

[0073] The roll map corrector may be configured to, if
a part of the electrode is removed after the preceding
sub-process and prior to the subsequent sub-process,
remove coordinate values corresponding to the removed
part of the electrode from the roll map of the preceding
process before reversing the coordinate values of the roll
map.

[0074] The process controller may be further config-
ured to slow down the movement of the electrode for a
predetermined time period before the time point the elec-
trode portion with the defect reaches the defect removal
port.

[0075] The system may further comprise a warning unit
configured to output an alarm in case i) the electrode
portion with the defect reaches the defect removal port,
ii) the electrode movement stops, and/or iii) a predeter-
mined time has elapsed since the electrode movement
stop.

[0076] The preceding process is an electrode coating
process of applying an electrode active material to a cur-
rent collector to form a coated electrode, and the subse-
quent process is a roll press process of rolling the coated
electrode with a press roll.

[0077] A further aspect of the present invention pro-
vides a computer-implemented method for removing a
defective portion of an electrode in a secondary battery
manufacturing process including a series of roll-to-roll
sub-processes in which an electrode is moved between
an unwinder and arewinder. The computer-implemented
method may comprise making up a roll map including a
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visual imitation of the electrode subject to one of the re-
spective sub-processes, reflecting at least part of proc-
ess data including inspected and/or measured data spe-
cific to the respective sub-process and corresponding
coordinate value(s) of the position of the inspection
and/or measurement, wherein the inspected and/or
measured data includes a defect on the electrode. The
computer-implemented method may further comprise re-
moving an electrode portion with the defect at a defect
removal port provided in at least one of the series of roll-
to-roll sub-processes. The computer-implemented meth-
od may further comprise calculating a time point at which
the electrode portion with the defect reaches the defect
removal port based on coordinate value(s) correspond-
ing to the position of the inspection and/or measurement
of the defect in a preceding sub-process.

[0078] The computer-implemented method may fur-
ther comprise stopping movement of the electrode when
the electrode portion with the defect reaches the defect
removal port.

[0079] The computer-implemented method may fur-
ther comprise reversing coordinate values of the roll map
made up by the roll map make-up unit in the preceding
sub-process, so that the coordinate values of the roll map
match coordinate values of the electrode subject to the
subsequent sub-process.

[0080] The computer-implemented method may fur-
ther comprise, if a part of the electrode is removed after
the preceding sub-process and prior to the subsequent
sub-process, removing coordinate values corresponding
to the removed part of the electrode from the roll map of
the preceding process before reversing the coordinate
values of the roll map.

[0081] The computer-implemented method may fur-
ther comprise slowing down the movement of the elec-
trode for a predetermined time period before the time
point the electrode portion with the defect reaches the
defect removal port.

[0082] The computer-implemented method may fur-
ther comprise outputting an alarmin case i) the electrode
portion with the defect reaches the defect removal port,
ii) the electrode movement stops, and/or iii) a predeter-
mined time has elapsed since the electrode movement
stop.

[0083] The preceding process is an electrode coating
process of applying an electrode active material to a cur-
rent collector to form a coated electrode, and the subse-
quent process is a roll press process of rolling the coated
electrode with a press roll.

[0084] Yetanotheraspectofthe presentinvention pro-
vides an apparatus for making up a roll map for super-
vising a secondary battery manufacturing process includ-
ing a series of roll-to-roll sub-processes in which an elec-
trode is moved between an unwinder and a rewinder.
The apparatus may comprise a roll map make-up unit
configured to make up a roll map including a visual imi-
tation of the electrode subject to one of the respective
sub-processes, reflecting at least part of process data
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including inspected and/or measured data specific to the
respective sub-process and corresponding coordinate
value(s) of the position of the inspection and/or meas-
urement. The apparatus may further comprise a roll map
matching unit configured to match the visual imitation of
the electrode of the respective sub-processes to the vis-
ual imitation of the electrode of the final sub-process,
such that the visual imitations show identical electrode
surface and parts, sharing common coordinate values.
[0085] The apparatus may further include: an inspec-
tion and/or measurement device provided for at leastone
of the respective sub-processes, being configured to in-
spect and/or measure the electrode subject to one of the
respective sub-processes and acquire the inspected
and/or measured data specific to the respective sub-
process; and a position measurement device configured
to acquire a coordinate value in a longitudinal direction
of the electrode subject to one of the respective sub-
processes, based on an amount of rotation of the un-
winder and/or the rewinder.

[0086] The inspected and/or measured data may in-
clude one or more of the following items: i) data on at
least one of a dimension and a width of the electrode; ii)
data on mismatch between an electrode coating part and
an electrode non-coating part; iii) data on an amount of
slurry loading on the electrode; iv) data on an exterior of
the electrode; v) data on a position of an electrode dis-
connection section, a connection position between elec-
trodes, or a joint on the electrode; vi) data on a position
of a sample inspection unit; vii) data on a position of an
electrode discard section; viii) data on insulation quality
or a defect in an insulating material coating process per-
formed after electrode slurry coating; ix) other pieces of
defect data; x) data on reference points marked on the
electrode at predetermined intervals; and xi) data on a
thickness of the electrode after a roll press is performed.
[0087] The coordinate value in the longitudinal direc-
tion of an electrode part for which the inspected and/or
measured data has been acquired may be obtained by
adding a longitudinal coordinate value according to an
amount of rotation of the rewinder at a time point of the
corresponding inspection and/or measurement and an
offset distance between the inspection and/or measure-
ment device and the rewinder.

[0088] The inspection and/or measurement device
may be adapted to acquire a coordinate value in a width
direction of an electrode part for which the inspected
and/or measured data has been acquired.

[0089] The apparatus may further comprise a control-
ler configured to control electrode movement between
the unwinder and the rewinder, wherein the controller is
configured to match the inspected and/or measured data
with the coordinate value(s) of an electrode part for which
the inspected and/or measured data has been acquired,
and transmit the inspected and/or measured data and
the matched coordinate value(s) of the inspection and/or
measurement to the roll map make-up unit.

[0090] The roll map make-up unit may be configured
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to make up at least one of: an absolute coordinate roll
map representing coordinate values of the entire elec-
trode that has been subject to one of the respective sub-
processes, including an electrode part that has been re-
moved during/after the respective sub-process and a re-
maining electrode part; and a relative coordinate roll map
representing coordinate values of only the remaining
electrode part.

[0091] The roll map matching unit may be configured
to match the coordinate values of the relative coordinate
roll map of the respective sub-processes to the coordi-
nate values of the relative coordinate roll map of the final
sub-process.

[0092] Therollmap make-up unitmay be further adapt-
ed to make up the roll map representing both a top and
a bottom surface of the electrode.

[0093] The roll map make-up unit may be adapted to
make up, for a notching process as one of the sub-proc-
esses, the roll map representing only a single - either top
or bottom - planar surface of the electrode.

[0094] The roll map matching unit may be further con-
figured to: remove from the roll maps of the respective
sub-processes all coordinate values corresponding to
electrode parts removed throughout the series of roll-to-
roll sub-processes; and correct coordinate values of the
remaining electrode parts, so that a length and coordi-
nate values of the visual imitation representing the elec-
trode in each sub-process are consistent with those in
the final sub-process.

[0095] The roll map matching unit may be further con-
figured to, based on the relation between an electrode
winding direction in the preceding sub-process and an
electrode unwinding direction in the subsequent sub-
process, reverse a start direction of the coordinate values
of the roll map of a respective sub-process to match a
start direction of the coordinate values of the roll map of
the final sub-process.

[0096] The roll map matching unit may be further con-
figured to: store information on electrode surface over-
turn when a top/bottom surface of the electrode in one
of the respective sub-processes is overturned in the sub-
sequent sub-process: and, based on the electrode sur-
face overturn information, match roll maps of the respec-
tive sub-process and the subsequent sub-process rep-
resenting the same electrode surface.

[0097] The roll map matching unit may be further con-
figured to: arrange the visual imitation of the electrode
foreachrespective sub-process side by side, inamanner
that all of the visual imitations show identical electrode
surface and parts, sharing common coordinate values.
[0098] Yet further aspect of the present invention pro-
vides a computer-implemented method for making up a
roll map for supervising a secondary battery manufactur-
ing process including a series of roll-to-roll sub-process-
es in which an electrode is moved between an unwinder
and a rewinder. The method may comprise making up a
roll map including a visual imitation of the electrode sub-
ject to one of the respective sub-processes, reflecting at
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least part of process data including inspected and/or
measured data specific to the respective sub-process
and corresponding coordinate value(s) of the position of
the inspection and/or measurement. The method may
further comprise matching the visual imitation of the elec-
trode of the respective sub-processes to the visual imi-
tation of the electrode of the final sub-process, such that
the visual imitations show identical electrode surface and
parts, sharing common coordinate values.

[0099] The computer-implemented method may fur-
ther include: inspecting and/or measuring the electrode
subject to one of the respective sub-processes and ac-
quiring the inspected and/or measured data specific to
the respective sub-process; and acquiring a coordinate
value in a longitudinal direction of the electrode subject
to one of the respective sub-processes, based on an
amount of rotation of the unwinder and/or the rewinder.
[0100] The inspected and/or measured data may in-
clude one or more of the following items: i) data on at
least one of a dimension and a width of the electrode; ii)
data on mismatch between an electrode coating part and
an electrode non-coating part; iii) data on an amount of
slurry loading on the electrode; iv) data on an exterior of
the electrode; v) data on a position of an electrode dis-
connection section, a connection position between elec-
trodes, or a joint on the electrode; vi) data on a position
of a sample inspection unit; vii) data on a position of an
electrode discard section; viii) data on insulation quality
or a defect in an insulating material coating process per-
formed after electrode slurry coating; ix) other pieces of
defect data; x) data on reference points marked on the
electrode at predetermined intervals; and xi) data on a
thickness of the electrode after a roll press is performed.
[0101] The coordinate value in the longitudinal direc-
tion of an electrode part for which the inspected and/or
measured data has been acquired may be obtained by
adding a longitudinal coordinate value according to an
amount of rotation of the rewinder at a time point of the
corresponding inspection and/or measurement and an
offset distance between the position of the inspection
and/or measurement and the rewinder.

[0102] Said making up aroll map may make up at least
one of: an absolute coordinate roll map representing co-
ordinate values of the entire electrode that has been sub-
ject to one of the respective sub-processes, including an
electrode part that has been removed during/after the
respective sub-process and a remaining electrode part;
and a relative coordinate roll map representing coordi-
nate values of only the remaining electrode part.

[0103] The computer-implemented method may fur-
ther comprise matching the coordinate values of the rel-
ative coordinate roll map of the respective sub-processes
to the coordinate values of the relative coordinate roll
map of the final sub-process.

[0104] Said making up a roll map may make up the roll
map representing both a top and a bottom surface of the
electrode.

[0105] Said making up a roll map may make up, for a
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notching process as one of the sub-processes, the roll
map representing only a single - either top or bottom -
planar surface of the electrode.

[0106] Said matching the visual imitations of the elec-
trode may include: removing from the roll maps of the
respective sub-processes all coordinate values corre-
sponding to electrode parts removed throughout the se-
ries of roll-to-roll sub-processes; and correcting coordi-
nate values of the remaining electrode parts, so that a
length and coordinate values of the visual imitation rep-
resenting the electrode in each sub-process are consist-
ent with those in the final sub-process.

[0107] Said matching the visual imitations of the elec-
trode may include: based on the relation between an elec-
trode winding direction in the preceding sub-process and
an electrode unwinding direction in the subsequent sub-
process, reversing a start direction of the coordinate val-
ues of the roll map of a respective sub-process to match
a start direction of the coordinate values of the roll map
of the final sub-process.

[0108] Said matching the visual imitations of the elec-
trode may include: storing information on electrode sur-
face overturn when a top/bottom surface of the electrode
in one of the respective sub-processes is overturned in
the subsequent sub-process: and, based on the elec-
trode surface overturn information, matching roll maps
of the respective sub-process and the subsequent sub-
process representing the same electrode surface.
[0109] Said matching the visual imitations of the elec-
trode may include: arranging the visual imitation of the
electrode for each respective sub-process side by side,
in a manner that all of the visual imitations show identical
electrode surface and parts, sharing common coordinate
values.

[0110] According to another aspect of the invention a
system for supervising a secondary battery manufactur-
ing process including a series of roll-to-roll sub-process-
es in which an electrode is moved between an unwinder
and a rewinder is provided. The system includes a first
roll map make-up unit configured to make up a first roll
map corresponding to at least one of the sub-processes,
wherein the first roll map includes a visual imitation of
the electrode subject to one of the respective sub-proc-
esses, reflecting sample process data, which is a subset
of process data including inspected and/or measured da-
ta acquired in the respective sub-process, and corre-
sponding coordinate values of indicating a position on
the electrode, and a second roll map make-up unit con-
figured to make up a second roll map corresponding to
the respective sub-process, wherein the second roll map
includes a visual imitation of the electrode subject to the
respective sub-process, reflecting the sample process
data of the first roll map and further reflecting additional
data associated with the sample process data and the
coordinate values.

[0111] According to some embodiments of this aspect
of the invention, the process data, in addition to the in-
spected and/or measured data, includes at least one of:
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equipment data acquired from each piece of process
equipment, and time series data acquired from each
process.

[0112] According to some embodiments of this aspect
of the invention, the sample process data is at least one
of a representative value, an average value of the proc-
essdata, and adetermination value based on the process
data.

[0113] According to some embodiments of this aspect
of the invention, the additional data includes at least one
of image data representing the electrode, raw data ac-
quired in a specific section or all sections of the electrode,
and processed data obtained by processing the process
data or the raw data.

[0114] According to some embodiments of this aspect
of the invention, the system further comprises a server
unit configured to store the additional data.

[0115] According to some embodiments of this aspect
of the invention, the system is configured to match at
least one of data on specifications of an input material
for manufacturing the electrode, a subset of the process
data including data on a mixing process of the input ma-
terial, and path data on a path of lines through which the
mixed input material is supplied to an electrode coater
with coordinate values of the first roll map and/or the sec-
ond roll map.

[0116] According to some embodiments of this aspect
of the invention, the system further includes a roll map
matching unit configured to perform at least one of the
following operations of: i) matching coordinate values of
the first roll map in a first sub-process with coordinate
values of the first roll map in a second sub-process car-
ried out directly following to the first sub-process so that
a visual imitation of the electrode included in the first roll
map of the first sub-process corresponds to a visual im-
itation of the electrode included in the first roll map of the
second sub-process; ii) matching coordinate values of
the first roll map in each of the sub-process with coordi-
nate values of the first roll map of a final sub-process
among the plural sub-processes so that a visual imitation
of the electrode included in the first roll map of the final
sub-process corresponds to a visual imitation of the elec-
trode included in the first roll map of each sub-process
carried out preceding the final sub-process; iii) matching
coordinate values of the second roll map of the first sub-
process with coordinate values of the second roll map of
the second sub-process carried out directly following to
the first sub-process so that a visual imitation of the elec-
trode included in the second roll map of the first sub-
process corresponds to a visual representation of the
electrode included in the second roll map of the second
sub-process; and iv) matching coordinate values of the
second roll map in each sub-process with coordinate val-
ues of the second roll map in a final sub-process among
the plural sub-processes so that a visual imitation of the
electrode included in the second roll map in the final sub-
process corresponds to a visual imitation of the electrode
included in the second roll map in each sub-process car-
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ried out preceding the final sub-process.

[0117] Generally, the matching unit may be configured
to match to match the visual imitation of the electrode of
the respective sub-processes such that the visual imita-
tions show identical electrode surfaces and/or parts, with
common coordinate values.

[0118] According to some embodiments of this aspect
of the invention, the roll map matching unit is configured
to arrange the roll map of the second sub-process and
the roll map of the first sub-process matching the roll map
of the second sub-process side by side, and display the
arranged roll maps as an overlay roll map, and/or arrange
the roll map of the final sub-process and the roll map of
each sub-process matching the roll map of the final proc-
ess side by side, and display the arranged roll maps as
an overlay roll map.

[0119] According to some embodiments of this aspect
ofthe invention, the system is further configured to match
at least one of data on specifications of an input material
for manufacturing the electrode, a subset of the process
including data on a mixing process of the input material,
and path data on a path of lines through which the mixed
input material is supplied to an electrode coater and each
matched coordinate value of the overlay roll map and the
process data in each process matching the coordinate
values.

[0120] Accordingtooneaspectofthe inventiona meth-
od for supervising a secondary battery manufacturing
process including a series of roll-to-roll sub-processes in
which an electrode is moved between an unwinder and
a rewinder is provided. The method includes making up
a first roll map corresponding to at least one of the sub-
processes, wherein the first roll map includes a visual
imitation of the electrode subject to one of the respective
sub-processes, reflecting sample process data, which is
a subset of process data including inspected and/or
measured data acquired in the respective sub-process,
and coordinate value(s) indicating a position on the elec-
trode, storing additional data associated with the sample
process data of the respective sub-process, and making
up a second roll map corresponding to the respective
sub-process, wherein the second roll map includes a vis-
ual imitation of the electrode subject to the respective
sub-process, reflecting the sample process data of the
first roll map and further reflecting additional data asso-
ciated with the sample process data and the coordinate
values of the position of the inspection and/or measure-
ment. The method of this aspect of the invention, for ex-
ample, may be carried out using the system of the pre-
vious aspect of the invention.

[0121] According to another aspect of the invention, a
system for supervising a secondary battery manufactur-
ing process including a series of roll-to-roll sub-process-
es in which an electrode is moved between an unwinder
and a rewinder is provided. The system includes a roll
map make-up unit configured to make up a roll map,
which includes data of coordinate values indicating a po-
sition on an electrode and process data matched with
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the coordinate values, the process data including in-
spected and/or measured data acquired in the respective
sub-process, and a roll map matching unit configured to
perform at least one of the following operations of: i)
matching coordinate values of the roll map of a first or
preceding sub-process with coordinate values of the roll
map of a second or following sub-process performed on
the electrode subsequent to the preceding sub-process,
so that a visual imitation of the electrode included in the
roll map of the preceding process corresponds to a visual
imitation of the electrode included in the roll map of the
following sub-process; and ii) matching coordinate val-
ues of the roll map of each sub-process with coordinate
values of the roll map of a final sub-process so that a
visual imitation of the electrode included in the roll map
of the final process among corresponds to a visual imi-
tation of the electrode included in the roll map of each
sub-process preceding the final sub-process.

[0122] Generally, the matching unit may configured to
match to match the visual imitation of the electrode of
the respective sub-processes such that the visual imita-
tions show identical electrode surfaces and/or parts, with
common coordinate values.

[0123] According to some embodiments of this aspect
of the invention, the process data, in addition to the in-
spected and/or measured data, includes at least one of:
equipment data acquired from each piece of process
equipment, and time series data acquired from each
process.

[0124] According to some embodiments of this aspect
of the invention, the roll map make-up unit is configured
to generate at least one of: an absolute coordinate roll
map including coordinate values of an electrode part re-
moved in one of the plural sub-processes, either between
subsequent sub-processes, or after the final sub-proc-
ess, and coordinate values of a remaining electrode part
(survival electrode part) excluding the removed electrode
part together on the roll map; and a relative coordinate
roll map including only the coordinate values of the re-
maining electrode part excluding the removed electrode
part on the roll map.

[0125] According to some embodiments of this aspect
of the invention, the roll map matching unit is configured
to perform at least one of the following operations of: i)
matching coordinate values of the relative coordinate roll
map of the preceding sub-process with coordinate values
of the relative coordinate roll map of the following sub-
process;and ii) matching coordinate values of the relative
coordinate roll map of each sub-process performed on
the electrode before the final sub-process among the plu-
rality of sub-processes with coordinate values of the rel-
ative coordinate roll map of the final process.

[0126] According to some embodiments of this aspect
of the invention, the roll map matching unit is configured
to perform at least one of the following operations of: a)
aroll map length matching operation of matching a length
of the roll map of the preceding sub-process with a length
of the roll map of the following sub-process; b) a coordi-
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nate axis matching operation of matching a start direction
of coordinates of the roll map of the preceding process
with a start direction of coordinates of the roll map of the
following sub-process; and c) an electrode surface
matching operation of matching a roll map of an electrode
surface of the following process with a roll map of the
electrode surface in the preceding process correspond-
ing to the electrode surface in the following process. In
particular, the visual imitations of the electrode included
in the respective roll map generated for the respective
sub-process may be matched as described.

[0127] According to some embodiments of this aspect
of the invention, the roll map matching unit is configured
to arrange the roll map of the following sub-process and
the roll map of the preceding sub-process matching the
roll map of the following sub-process side by side, and
to display the arranged roll maps as an overlay roll map.
That is, the visual imitations of the electrode included in
the roll maps generated for the respective sub-processes
may be arranged in a side by side manner, e.g., as par-
allel bars.

[0128] According to some embodiments of this aspect
of the invention, the roll map matching unit is configured
to perform at least one of the following operations of: a)
aroll map length matching operation of matching a length
of the roll map of each sub-process with a length of the
roll map of the final process; b)’ a coordinate axis match-
ing operation of matching a start direction of coordinates
of the roll map of each sub-process with a start direction
of coordinates of the roll map of the final sub-process;
and c)’ an electrode surface matching operation of
matching a roll map of an electrode surface of the final
sub-process with a roll map of the electrode surface of
each sub-process corresponding to the electrode surface
in the final sub-process. In particular, the visual imitations
of the electrode included in the respective roll map gen-
erated for the respective sub-process may be matched
as described.

[0129] According to some embodiments of this aspect
of the invention, the roll map matching unit may be con-
figured to arrange the roll map of the final sub-process
and the roll map of each sub-process matching the roll
map of the final sub-process side by side, and to displays
the arranged roll maps as an overlay roll map. That is,
the visual imitations of the electrode included in the roll
maps generated for the respective sub-processes may
be arranged in a side by side manner, e.g., as parallel
bars.

[0130] According to some embodiments of this aspect
of the invention, the roll map make-up unit is configured
to generate a first roll map, which includes the data of
the coordinate values indicating the position on the elec-
trode and sample process data being a subset of the
process data, wherein the sample process data is
matched with coordinate values, wherein the roll map
matching unit is configured to match coordinate values
of the first roll map in the preceding sub-process with
coordinate values of the first roll map of the following sub-

10

15

20

25

30

35

40

45

50

55

12

process, and/or to match the coordinate values of the
first roll map of each sub-process among the plurality of
sub-processes with coordinate values of the first roll map
of the final sub-process.

[0131] According to some embodiments of this aspect
of the invention, the roll map make-up unit further in-
cludes a second roll map make-up unit configured to
make up a second roll map, which includes the data of
the first roll map and further includes additional data as-
sociated with the sample process data and matched with
the coordinate values, wherein the roll map matching unit
is configured to match coordinate values of the second
roll map of the preceding sub-process with coordinate
values of the second roll map of the following sub-proc-
ess, and/or match the coordinate values of the second
roll map of each sub-process among the plurality of sub-
processes with coordinate values of the second roll map
of the final sub-process.

[0132] According to some embodiments of this aspect
of the invention, the system is configured to match fol-
lowing process data matching the coordinate values of
the roll map of the following process and preceding proc-
ess data matching the coordinate values of the preceding
process matching the coordinate values of the roll map
in the following process, and/or to match final process
data matching the coordinate values of the roll map of
the final process with the process data in each process
matching the coordinate values in each sub-process
matching the coordinate values of the roll map in the final
sub-process.

[0133] According to some embodiments of this aspect
of the invention, the system is configured to match at
least one of data on specifications of an input material
for manufacturing the electrode, process data for a mix-
ing process of the input material, and path data on a path
of lines through which the mixed input material is supplied
to an electrode coater and each matched coordinate val-
ue of the overlay roll map and the process data in each
process matching the coordinate values.

[0134] According to one aspect of the invention, a
method for supervising a secondary battery manufactur-
ing process including a series of roll-to-roll sub-process-
es in which an electrode is moved between an unwinder
and a rewinder is provided. The method of this aspect
may be carried out, for example, using a system of the
previous aspect of the invention. The method includes
making up a roll map, which includes data of coordinate
values indicating a position on the electrode and process
data matched with the coordinate values, the process
dataincluding inspected and/or measured data acquired
in the respective sub-process, and performing at least
one of the following operations of: i) matching coordinate
values of the roll map of a first or preceding sub-process
with coordinate values of the roll map of a second or
following sub-process performed on the electrode sub-
sequent to the preceding sub-process, so that a visual
imitation of the electrode included in the roll map of the
preceding process corresponds to a visual imitation of
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the electrode included in the roll map of the following sub-
process; and ii) matching coordinate values of the roll
map of each sub-process with coordinate values of the
roll map of a final sub-process so that a visual imitation
of the electrode included in the roll map of the final proc-
ess among corresponds to a visual imitation of the elec-
trode included in the roll map of each sub-process pre-
ceding the final process.

[0135] In a further aspect of the invention, a storage
medium is provided which stores at least one of first roll
map corresponding to at least one of plural sub-process-
es performed on an electrode moving between an un-
winder and a rewinder and/or a second roll map corre-
sponding to the respective sub-process, wherein the first
roll map includes a visual imitation of the electrode sub-
ject to the respective sub-process, reflecting sample
process data, which is a subset of process data including
inspected and/or measured data acquired in the respec-
tive sub-process, and coordinate value(s) indicating a
position on the electrode, and wherein the second roll
map includes a visual imitation of the electrode subject
to the respective sub-process, reflecting the sample proc-
ess data of the first roll map and further reflecting addi-
tional data associated with the sample process data and
the coordinate values of the position of the inspection
and/or measurement.

[0136] In a further aspect of the invention, a storage
medium is provided which stores an overlay roll map in-
cluding visual imitations of an electrode subject to plural
roll-to-roll sub-processes arranged in a side by side man-
ner, wherein, in the overlay roll map, the roll map of a
following sub-process and the roll map of a preceding
sub-process performed before the following sub-process
are matched and arranged side by side, and/or the roll
map of a final sub-process among the plural sub-proc-
esses and the roll map of each sub-process before the
final sub-process are matched and arranged side by side.
[0137] According to another aspect of the invention, a
system for supervising a manufacturing process of a bat-
tery is provided. The system includes a coordinate value
data server configured to store coordinate values indi-
cating a position of an electrode moving in a roll-to-roll
process between an unwinder and a rewinder, an iden-
tification mark providing device configured to provide an
identification mark on the electrode at predetermined in-
tervals, and a data manager configured to match coor-
dinate values stored by the coordinate value data server
corresponding to the identification mark and the identifi-
cation mark.

[0138] According to some embodiments of this aspect
of the invention, the coordinate values are coordinate
values that are reflected or included in a roll map which
includes a visual imitation the electrode moving in the
roll-to-roll process.

[0139] According to some embodiments of this aspect
of the invention, the coordinate value data server stores
coordinate values reflected or included in a roll map of a
first sub-process matched with coordinate values reflect-
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ed or included in a roll map of a second process carried
out subsequently or following the first process, or stores
coordinate values reflected in roll maps of each sub-proc-
ess among a plurality of roll-to-roll processes matched
with coordinate values reflected in a roll map of a final
sub-process.

[0140] According to some embodiments of this aspect
of the invention, the coordinate value data server stores
process data matching the coordinate values of the roll
map.

[0141] According to some embodiments of this aspect
of the invention, the process data includes at least one
of: equipment data acquired from process equipment
used for the respective roll-to-roll process, process-re-
lated inspected and/or measured data acquired from
each roll-to-roll process, and time series data acquire
from each roll-to-roll process.

[0142] According to some embodiments of this aspect
of the invention, the coordinate value data server stores
one or more of: a) a first roll map including data of the
coordinate values indicating the position of the electrode
and sample process data which is a subset of process
data generated in a respective roll-to-roll process per-
formed on the electrode, wherein the sample process
data, in the first roll map, is matched with the coordinate
values; b) a second roll map including the data of the
coordinate values and the sample process data of the
first roll map and further including additional data asso-
ciated with the sample process data matched with the
coordinate values; c) an overlay roll map in which in-
cludes a visual presentation of roll maps of multiple roll-
to-roll processes arranged side by side with the coordi-
nate values of the roll maps being matched; d) an overlay
roll map in which includes a visual presentation of roll
maps of each of a plurality of roll-to-roll process arranged
side by side with the coordinate values of the roll maps
of each roll-to-roll process being matching with coordi-
nate values of the roll map of a final roll-to-roll process.
[0143] According to some embodiments of this aspect
of the invention, the coordinate value data server is con-
figured to store at least one of coordinate values of a roll
map indicating a position of the electrode moving in a
roll-to-roll process of providing the identification mark,
coordinate values of a roll map indicating a position of
the electrode moving in one or a plurality of preceding
roll-to-roll processes performed before the roll-to-roll
process of providing the identification mark, and process
data of each roll-to-roll process matching the coordinate
values of the roll map.

[0144] According to some embodiments of this aspect
of the invention, the identification mark is provided on an
electrode tab after performing a notching process, in
which the electrode tab is formed, in particular, physically
formed, on the electrode.

[0145] According to some embodiments of this aspect
of the invention, the identification mark is a physical elec-
trode ID physically marked on the electrode or a virtual
electrode ID virtually provided every predetermined in-
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terval.

[0146] According to some embodiments of this aspect
of the invention, the identification mark providing device
is an ID marker configured to mark the electrode ID on
the electrode every predetermined interval.

[0147] According to some embodiments of this aspect
of the invention, first position coordinate values corre-
sponding to the position of the electrode ID are acquired
from coordinate values received from a position meas-
urement sensor when the electrode ID is marked or when
the marked ID is recognized by a reader.

[0148] According to some embodiments of this aspect
of the invention, the data manager is configured to match
the first position coordinate values with the coordinate
values ofthe coordinate value data server corresponding
to the first position coordinate values and/or with process
data matching the coordinate values.

[0149] According to some embodiments of this aspect
of the invention, the identification mark providing device
is an equipment control device configured to receive
specification information of the electrode from a first sen-
sor, receive position coordinate values of at least one
electrode from a second sensor, which is a position
measurement sensor, and generate a virtual electrode
ID of the electrode based on the specification information
and the position coordinate values, wherein the specifi-
cation information includes information on a length or
pitch of an electrode tab of the electrode.

[0150] According to some embodiments of this aspect
of the invention, the equipment control device is config-
ured to receive a quantity count value of the electrode
according to the length of at least one electrode tab from
the first sensor, wherein the quantity count value of the
electrode includes a binary coded decimal (BCD) code.
[0151] According to some embodiments of this aspect
of the invention, the data manager is configured to match
the position coordinate values corresponding to the po-
sition of the virtual electrode ID with the coordinate values
of the coordinate value data server corresponding to the
position coordinate values and/or process data matching
the coordinate values.

[0152] According to some embodiments of this aspect
of the invention, the data manager is configured to match
at least a subset of assembly process data including the
identification mark and being matched with the identifi-
cation mark with the coordinate values of the coordinate
value data server and/or process data matching the co-
ordinate values, wherein the assembly process data is
generated in plural assembly sub-processes performed
on the electrode after the roll-to-roll processes.

[0153] According to some embodiments of this aspect
of the invention, the system further includes an assembly
process data matching unit configured to match the iden-
tification mark with at least the subset of the assembly
process data.

[0154] According to some embodiments of this aspect
of the invention, the assembly process data matching
unit is configured to provide an upper level identification
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mark matching the identification mark of the electrode to
an upper level assembly including the electrode on which
the identification mark is provided.

[0155] According to some embodiments of this aspect
of the invention, the upper level assembly is at least one
of an electrode assembly including the electrode on
which the identification mark is provided, a battery cell
semi-finished product including the electrode assembly,
a battery cell including the electrode assembily, a battery
cell stack including the battery cell or a battery module
including the battery cell stack, and a battery pack includ-
ing the battery cell stack or the battery module.

[0156] According to some embodiments of this aspect
of the invention, the data manager is configured to match
at least one of data on specifications of an input material
for manufacturing the electrode, process data on a mixing
process of the input material, and path data on a path of
lines through which the mixed input material is supplied
to an electrode coater with the identification mark and
the coordinate values of the coordinate value data server.
[0157] According to another aspect of the invention, a
method for supervising a manufacturing process of a bat-
tery includes acquiring data of coordinate values indicat-
ing a position of an electrode moving in a roll-to-roll proc-
ess between an unwinder and a rewinder, providing an
identification mark on the electrode at predetermined in-
tervals, and matching coordinate values corresponding
to the identification mark and the identification mark. The
method of this aspect of the invention, for example, may
be carried out using the system of the previous aspect
of the invention.

[0158] According to some embodiments of this aspect
of the invention, the method further includes matching
process data matched with the coordinate values and
assembly process data matched with the identification
mark based on the coordinate values and the identifica-
tion mark.

[0159] According to another aspect of the invention,
an electrode including an electrode identification mark is
provided. As described in the previous aspect of the in-
vention, the identification mark may be physically formed
to an electrode tab of the electrode.

[0160] According to a further aspect of the invention,
an upper level assembly includes the electrode of the
previous aspect of the invention is provided.

[0161] According to some embodiments of this aspect
of the invention, the upper level assembly is at least one
of an electrode assembly including the electrode on
which the electrode identification mark is provided, a bat-
tery cell semi-finished productincluding the electrode as-
sembly, a battery cell including the electrode assembly,
a battery cell stack including the battery cell or a battery
moduleincluding the battery cell stack, and a battery pack
including the battery cell stack or the battery module.
[0162] According to some embodiments of this aspect
of the invention, the upper level assembly further com-
prises an upper level identification mark matching the
electrode identification mark.
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[0163] According to a further aspect of the invention,
an electrode includes an electrode identification mark
matching at least one of coordinate values of a roll map
indicating a position on the electrode and process data
matching the coordinate values of the roll map.

[0164] According to some embodiments of this aspect
of the invention, the process data matching the coordi-
nate values of the roll map and following process data
are matched by the electrode identification mark match-
ing the following process data based on the electrode
identification mark and the coordinate values of the roll
map.

[0165] According to a further aspect of the invention,
an upper level assembly includes the electrode of the
previous aspect of the invention is provided.

[0166] According to some embodiments of this aspect
of the invention, the upper level assembly is at least one
of an electrode assembly including the electrode on
which the electrode identification mark is provided, a bat-
tery cell semi-finished product including the electrode as-
sembly, a battery cell including the electrode assembly,
a battery cell stack including the battery cell or a battery
module including the battery cell stack, and a battery pack
including the battery cell stack or the battery module.
[0167] According to some embodiments of this aspect
of the invention, the upper level assembly further com-
prises an upper level identification mark matching the
electrode identification mark.

BRIEF DESCRIPTION OF THE DRAWINGS

[0168] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent to those of ordinary skill in the art by describing
exemplary embodiments thereof in detail with reference
to the accompanying drawings, in which:

FIG. 1 is a schematic diagram showing a change in
risk range according to quality correlation analysis
between an electrode manufacturing process and a
final product;

FIG. 2 is a schematic diagram of an apparatus for
making up a roll map according to one embodiment
of the present invention;

FIG. 3 is a schematic diagram showing a principle
in which inspected and/or measured data and coor-
dinate values of the corresponding data are acquired
by an inspection and/or measurement device;

FIG. 4 is a schematic diagram of a data visualization
device provided in the apparatus for making up the
roll map;

FIG. 5 is a schematic diagram showing an example
of a roll map made up by the apparatus for making
up the roll map according to the present invention;
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FIG. 6 is a flowchart showing one embodiment of a
method of making up a roll map according to the
present invention;

FIG. 7 is a schematic diagram of the roll map accord-
ing to one embodiment of the present invention;

FIG.8is a schematicdiagram of a roll map according
to another embodiment of the present invention;

FIG. 9 is a schematic diagram showing distortion of
position coordinates occuring due to occurrence of
a loss of an electrode part in a state no reference
points are provided;

FIG. 10 is a view showing the concept of the present
invention that prevents the distortion of the position
coordinates by introducing the reference points;

FIG. 11 is a schematic diagram of an electrode loss
amount measurement device according to one em-
bodiment of the present invention;

FIG. 12 is a schematic diagram showing one exam-
ple of electrode loss amount measurement accord-
ing to the present invention;

FIG. 13 is a schematic diagram showing another ex-
ample of electrode loss amount measurement ac-
cording to the present invention;

FIG. 14 is a schematic diagram showing still another
example of the electrode loss amount measurement
according to the present invention;

FIG. 15 is a schematic diagram showing the refer-
ence points being changed by a roll press process;

FIG. 16is aschematic diagram showing an electrode
loss amount measurement device according to an-
other embodiment of the present invention;

FIG. 17 is a schematic diagram showing an example
of aroll map of the electrode manufacturing process
according to the present invention;

FIG. 18 is a schematic diagram of an apparatus for
making up a roll map;

FIG. 19 is a schematic diagram showing a system
for correcting a roll map according to another em-
bodiment of the present invention;

FIG. 20 is a schematic diagram showing one exam-
ple of a change in coordinates of the roll map by a
roll map corrector for correcting the roll map accord-
ing to the present invention;
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FIG. 21 is a schematic diagram showing another ex-
ample of the change in coordinates of the roll map
by the roll map corrector for correcting the roll map
according to the present invention;

FIG. 22 is a schematic diagram showing a defect in
an electrode coating process being removed in a
subsequent roll press process;

FIG. 23 is a schematic diagram showing the concept
of a system for removing a defective portion of an
electrode according to still another embodiment of
the present invention;

FIG. 24 is a schematic diagram showing the system
for removing a defective portion of an electrode ac-
cording to the present invention;

FIG. 25 is a schematic diagram showing a state of
an electrode according to an electrode manufactur-
ing process;

FIG. 26 is a schematic diagram of a system for mak-
ing up a roll map according to one embodiment of
the present invention;

FIG. 27 is a schematic diagram showing one exam-
ple of the apparatus for making up the roll map in
the electrode coating process and the roll map of the
electrode coating process;

FIG. 28 is a schematic diagram showing a principle
in which inspected data and coordinate values of the
corresponding inspected data by an inspection de-
vice;

FIG. 29 is a schematic diagram showing one exam-
ple of a roll map make-up unit;

FIG. 30 is a schematic diagram showing a roll map
of top and bottom surfaces of the electrode;

FIG. 31 is a schematic diagram showing scenarios
of electrode surface overturn based on a winding
direction in the preceding sub-process and an un-
winding direction in the subsequent process;

FIG. 32 is a schematic diagram showing coordinate
axes of the roll maps of the preceding process and
the subsequent process that are reversed;

FIG. 33 is a schematic diagram showing one exam-
ple of the apparatus for making up the roll map in
the roll press process and the roll map of the roll
press process;

FIG. 34 is a schematic diagram showing a roll map
when the electrode is removed after the roll press
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process is completed;

FIG. 35 is a schematic diagram showing one exam-
ple of the apparatus for making up the roll map in a
notching process and the roll map of the notching
process;

FIGS. 36 to 38 are schematic diagrams showing a
roll map matching process according to the present
invention;

FIG. 39 to 41 are schematic diagrams showing a
series of roll-to-roll processes according to one em-
bodiment and overlay roll maps of the corresponding
processes;

FIG. 42 and 43 are schematic diagrams showing a
series of roll-to-roll processes according to another
embodiment and overlay roll maps in the corre-
sponding processes;

FIG. 44 is a view showing a roll map in an electrode
manufacturing process;

FIG. 45 is a block diagram showing a system for
supervising a secondary battery manufacturing
process according to the present invention;

FIG. 46 is a schematic diagram for describing a
notching process controlled by a notching controller
according to the system for supervising a secondary
battery manufacturing process according to the
present invention;

FIG. 47 is aschematic diagram for describing a proc-
ess of deriving a removed length when an electrode
is removed during the notching process;

FIG. 48 is a schematic diagram showing a process
of tracking a position of the electrode of the system
for supervising a secondary battery manufacturing
process according to one embodiment of the present
invention;

FIG. 49 is a schematic diagram showing elongation
of the electrode in a roll press process performed
after the electrode is coated;

FIG. 50 is a schematic diagram showing a process
of tracking a position of an electrode of a system for
supervising a secondary battery manufacturing
process according to another embodiment of the
present invention;

FIG. 51 is a schematic diagram showing slurry trans-
fer between a plurality of tanks installed between a
mixer and a coater;
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FIG. 52 is a schematic diagram showing a difference
between electrode slurry lotinformation tracking and
management mechanism of the related art and the
present invention;

FIG. 53 is a block diagram showing a system for
monitoring and/or supervising a manufacturing proc-
ess of a battery according to one embodiment of the
present invention;

FIG. 54 is a schematic diagram showing a process
ofallocating and recording lotinformation of the elec-
trode slurry according to the present invention;

FIG. 55 is a schematic diagram showing a system
for monitoring and/or supervising a manufacturing
process of a battery according to another embodi-
ment of the present invention;

FIGs. 56 to 68 are omitted;

FIG. 69 is a configuration diagram of a system for
monitoring and/or supervising a manufacturing proc-
ess of a battery according to one embodiment of the
present invention;

FIG. 70 is a schematic diagram showing making up
afirstrollmap in an electrode manufacturing process
and a notching process;

FIG. 71 is a schematic diagram of a visualization
device included in a first roll map make-up unit;

FIG. 72 is a data flowchart of a system for manufac-
turing a battery according to one embodiment of the
present invention;

FIG. 73 is a schematic diagram showing one exam-
ple of the first roll map and a second roll map;

FIG. 74 is a schematic diagram showing another ex-
ample of the first roll map and the second roll map;

FIG. 75 is a flowchart of a method for monitoring
and/or supervising a manufacturing process of a bat-
tery according to one embodiment of the present in-
vention;

FIG. 76 is a schematic diagram of a roll map match-
ing unit included in the system for monitoring and/or
supervising a manufacturing process of a battery;

FIG. 77 is a schematic diagram showing a roll map
length and coordinate axis matching process by the
roll map matching unit;

FIG. 78 is a schematic diagram showing surfaces of
an electrode that are reversed between preceding
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and following processes;

FIG. 79 is a schematic diagram showing one exam-
ple of an overlay roll map;

FIG. 80 is a flowchart of a method for monitoring
and/or supervising a manufacturing process of a bat-
tery according to one embodiment of the present in-
vention;

FIG. 81 is a schematic diagram showing one exam-
ple of data matching by the system for monitoring
and/or supervising a manufacturing process of a bat-
tery according to the present invention;

FIG. 82 is a configuration diagram of a system for
monitoring and/or supervising a manufacturing proc-
ess of a battery according to another embodiment
of the present invention;

FIG. 83 is a schematic diagram showing a process
of providing an identification mark to an electrode;

FIGS. 84 and 85 are schematic diagrams showing
a process of providing a virtual identification mark to
the electrode;

FIG. 86 is a data flowchart according to a system for
monitoring and/or supervising a manufacturing proc-
ess of a battery according to another embodiment
of the present invention;

FIG. 87 is a schematic diagram of a following process
data matching unit;

FIG. 88 is a flowchart of a method for monitoring
and/or supervising a manufacturing process of a bat-
tery according to another embodiment of the present
invention;

FIG. 89 is a schematic diagram showing one exam-
ple of data matching by the system for monitoring
and/or supervising a manufacturing process of a bat-
tery according to the present invention;

FIG.90is aschematic diagram showing an electrode
tracking process by the system for monitoring and/or
supervising a manufacturing process of a battery ac-
cording to the present invention;

FIG. 91 is a schematic diagram of an electrode and
an electrode assembly provided with an electrode
identification mark;

FIG. 92 is a schematic diagram of a folding cell and
a stacked cell provided with the electrode identifica-
tion mark;
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FIG. 93 is a schematic diagram of a packaging cell
provided with the electrode identification mark;

FIG. 94 is a schematic diagram of a battery cell pro-
vided with the electrode identification mark;

FIG. 95 is a schematic diagram of another type of
battery cell with an electrode identification mark; and

FIG. 96 is a schematic diagram of a battery module
and a battery pack.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0169] Hereinafter, a detailed configuration of the
present invention will be described in detail with refer-
ence to the accompanying drawings and several embod-
iments. The following embodiments are exemplary and
set forth herein to facilitate understanding of the present
invention. In addition, the accompanying drawings are
not drawn to actual scale, and dimensions of some com-
ponents may be exaggerated to facilitate understanding
of the present invention.

[0170] Since the present invention can be variously
modified and have a variety of forms, specific embodi-
ments will be shown in drawings and described in detail.
However, it should be understood that the embodiments
are notintended to limit the presentinvention to a specific
form and encompass all changes, equivalents, and sub-
stitutions within the scope of the present invention.
[0171] FIG. 1 is a schematic diagram showing a
change in risk range according to quality correlation anal-
ysis between an electrode manufacturing process and a
final product.

[0172] AsshowninFIG. 1A, afinal product (secondary
battery) is manufactured using a product (electrode)
manufactured in an electrode manufacturing process. In
this case, when a defect occurs in the final product, it is
necessary to identify manufacturing history in some cas-
es in order to identify which cause has caused such a
defect. However, when there is no information or insuf-
ficient information on the manufacturing history of the
product in the electrode manufacturing process, it is dif-
ficult to identify products from which process have be-
come the corresponding final defect product. Therefore,
in order to prevent reoccurrence of the same defect, it is
necessary to include other final products, which are good
products, as well as the corresponding defect product in
arisk range in which there is a risk of a defect exists and
discard all the products in the risk range in some cases.
[0173] On the other hand, when there is sufficient in-
formation on the manufacturing history of the product in
the electrode manufacturing process, it is possible to re-
duce the risk range based on the information as shown
in FIG. 1B, thereby reducing the number of good products
being discarded. In particular, since an electrode is man-
ufactured through various processes, such as a coating
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process, a roll press process, and a slitting process, un-
less the product history information of each process is
clearly recorded or stored, it may be difficult to specify
the cause of a defect in correlation with a following proc-
ess.

[0174] Therefore, itis necessary to develop a technol-
ogy capable of recording information on product quality
or defects in an electrode manufacturing process and
tracking and analyzing the quality correlation with the fol-
lowing process or a final product.

[0175] In addition, as described above, there is a limit
to directly displaying an electrode coated with electrode
slurry with all defect information due to physical limita-
tions of an electrode space. In addition, in some cases,
information on the quality of a non-defective electrode in
each process may also be required for finding the cause
of a fault unexpectedly occurring in a following process
or in the process of using a secondary battery which is
a finished product.

[0176] Therefore, the present inventors have devel-
oped a roll map that represents information related to an
electrode during its manufacturing process. The roll map
may be displayed in a space in the form of a bar imitating
the electrode, instead of directly marking on the electrode
data or information on quality, as well as information on
defects in the electrode manufacturing process. Such a
roll map, by displaying various pieces of data or informa-
tion, may be used for analysis and control of quality at
the time of manufacturing an electrode. In addition, in
order to track the quality, the roll map may be used for
quality correlation analysis between processes, over-
coming the limitations of the related art.

[0177] FIG. 2 is a schematic diagram of an apparatus
for making up a roll map according to one embodiment
of the present invention, and FIG. 3 is a schematic dia-
gram showing a principle in which inspected and/or
measured data and coordinate values of the correspond-
ing data are acquired by an inspection and/or measure-
ment device.

[0178] An apparatus 100 for making up a roll map ac-
cording to the present invention includes an inspection
and/or measurement device 30 for inspecting and/or
measuring an electrode 10 moving between an unwinder
UW and a rewinder RW and acquiring inspected and/or
measured data, and a roll map make-up unit 50 for mak-
ing up a roll map expressed in a planar shape on which
the moving electrode is imitated and displaying at least
some of the inspected and/or measured data.

[0179] The inspection and/or measurement device 30
may inspect the electrode 10 moving between the un-
winder and the rewinder and acquire the inspected and/or
measured data.

[0180] Inan electrode manufacturing process, the pre-
determined inspection and/or measurement device 30 is
disposed adjacent to an upper portion, a lower portion,
or the like of an electrode line moving in a roll-to-roll state,
in order to measure quality or defects of the electrode 10
subject to respective processes.
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[0181] The inspection and/or measurement device 30
may inspect and/or measure the electrode 10 and ac-
quire the inspected and/or measured data. The inspec-
tion and/or measurement device 30 may be connected
to a position measurement device 20 (to be described
below) by wire or wirelessly to acquire, in addition to the
inspected and/or measured data, coordinate values (co-
ordinate data) of the electrode 10 for which the inspected
and/or measured data has been acquired. Alternatively,
the coordinate values of the electrode 10 transmitted to
a controller 40 (to be described below) may match the
inspected and/or measured data.

[0182] The "inspection and/or measurement device"
refers to any one or all of an inspection device, a meas-
urementdevice, and an inspection and measurementde-
vice according to the purpose of measurement. The "in-
spected and/or measured data" refers to any one or all
of inspected data, measured data, and inspected and
measured data. As a result, the inspected and/or meas-
ured data is any data that can be obtained through in-
spection or measurement performed on the electrode. In
addition, the inspection and/or measurement device is
any device for inspecting or measuring the electrode in
order to obtain specific inspected and/or measured data.
[0183] The inspected and/or measured data of the
electrode 10 described in the present invention may in-
clude data on quality or defects of the electrode 10. For
example, measured data on a slurry loading amount may
be acquired by a loading amount measurement device
31 when electrode slurry is coated in a coating process.
When the loading amount is out of a set range, it is de-
termined to be defect, and the defect may be distinct from
other parts and visually displayed by a visualization de-
vice to be described below. Alternatively, a range of the
loading amount in a normal range rather than the defect
may also be set according to the amount range, and the
loading amount range may be visually displayed in dif-
ferent colors. In this sense, the inspected and/or meas-
ured data according to the presentinvention is not limited
to a defect but includes data on quality.

[0184] In addition, a dimension and width measure-
ment device for measuring a dimension and a width may
be provided. The dimension and width measurement de-
vice may determine that the dimension and the width out
of setranges are defect data or distinguish the dimension
and the width in normal ranges according to the ranges
of the dimension and the width to display the distin-
guished dimensions and widths in different colors. Data
on mismatch between a coating part and a non-coating
part on the electrode or the like may also be acquired by
the dimension and width measurement device.

[0185] When the electrode is disconnected during the
process and then connected using a joint connection
member (connection tape), a j oint measurement device
for detecting the j oint may also be provided.

[0186] In addition, there is a case in which reference
points are marked on the electrode 10 at predetermined
intervals and used for calculating a length of a broken
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electrode or the like. A reference point measurement de-
vice 220 for detecting positions of the reference points
may also be provided as one of the inspection and/or
measurement devices.

[0187] Alternatively, a thickness measurement device
(web gauge) for measuring a thickness of the coated
electrode, for example, in a pre-process and a post-proc-
ess of the roll press process may also be provided.
[0188] Inaddition, inthe electrode manufacturing proc-
ess, inspected and/or measured data on quality or de-
fects of the electrode may be obtained by various inspec-
tion and/or measurement devices 30. An electrode exte-
rior inspection device 33 may be provided to detect ex-
terior defects of the electrode, such as a pinhole defect
and a line defect. The inspection and/or measurement
device 30 is not limited to the devices described above,
and predetermined other inspection and/or measure-
ment devices 30 capable of inspecting other measure-
ment parameters may also be applied to the apparatus
100 for making up the roll map according to the present
invention as long as the other measurement parameters
capable of being obtained from the electrode 10 are
present.

[0189] In addition, each of the inspection and/or meas-
urement devices 30 is not necessarily provided separate-
ly, and a plurality of inspected data or measured data
may be obtained by one inspection device or measure-
mentdevice. Inthis case, the number ofinspection and/or
measurement devices 30 required can be reduced. Al-
ternatively, a plurality of inspection and/or measurement
devices 30 having the same name may also be provided
according to the purpose thereof. That is, since a color
sensor as the joint measurement device inspects an ex-
terior, the color sensor may also be regarded as an ex-
terior inspection device 33. In addition, the vision meas-
urement device may be regarded as the dimension and
width measurementdevice because it may measure mis-
match but may also be regarded as the reference point
measurement device because it may also detect the ref-
erence points by the vision sensor included in the corre-
sponding measurement device.

[0190] Insummary, detailed examples of the inspected
and/or measured data that may be acquired in the elec-
trode manufacturing process may be provided as follows:

i) data on at least one of a dimension and a width of
an electrode;

ii) data on mismatch between an electrode coating
part and an electrode non-coating part;

iii) data on slurry loading amount on the electrode;
iv) data on an exterior of the electrode;
v) data on a position of an electrode disconnection

section or a connection position between the elec-
trodes;
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vi) data on a position of a sample inspection unit;
vii) data on a position of an electrode discard section;

viii) data on insulation quality or defects in an insu-
lating material coating process performed after elec-
trode slurry coating;

ix) other defect data;

x) data on reference points marked on the electrode
at predetermined intervals; and

xi) data on a thickness of the electrode after a roll
press.

[0191] Meanwhile, in the electrode manufacturing
process, the electrode 10 is mounted between an un-
winder UW and a rewinder RW. After the electrode 10 is
unwound from the unwinder UW and finishes a prede-
termined process, the electrode 10 is wound on the re-
winder RW to become an electrode roll. In addition, the
electrode roll that has finished one process (preceding
process) is re-mounted between the unwinder UW and
the rewinder RW in a following process and becomes
subject to the following process while moving in a roll-to-
roll state. Thatis, in the electrode manufacturing process,
an electrode moving process in which the electrode 10
moves in the roll-to-roll state is repeated. Therefore,
when a position of the electrode upon moving can be
expressed in coordinates, the position of the electrode
10 in each process may be specified. In addition, when
data on quality or defects is acquired, in a case in which
an event, such as breakage of the electrode, occurs and
thus the electrode is connected by the joint connection
member, history information on the quality, defects, and
various events of the electrode in the corresponding proc-
ess may be displayed when a position of a data acquisi-
tion unit or a joint may be expressed as coordinates.
Since the electrode 10 is moved by the rotation of the
unwinder UW and the rewinder RW, a position of the
electrode 10 in a longitudinal direction may be specified
according to an amount of rotation of the unwinder UW
and/or the rewinder RW. The apparatus for making up
the roll map according to the present invention may fur-
ther include the position measurement device 20 for ac-
quiring the position of the electrode according to the
amount of rotation of the unwinder and/or the rewinder
as coordinate values. The position measurement device
20 according to the present invention may acquire the
position of the electrode 10 in the longitudinal direction
as coordinate values (coordinate data). For example, a
start portion of the electrode 10 may be specified when
coordinates acquired by the position measurement de-
vice 20 are zero, and an end portion of the electrode 10
may be specified when a coordinate value of 1200 meters
is acquired from the electrode 10 having a length of 1200
meters.
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[0192] The coordinate data of the position of the elec-
trode 10 in the longitudinal direction may be detected by
rotary encoders 20U and 20R respectively installed on
the unwinder UW and the rewinder RW. Generally, the
rotary encoders 20U and 20R are installed on a motor
driving unit for driving the unwinder UW and the rewinder
RW to detect an electrode movement distance according
to the number of rotations (amount of the rotation) of a
motor. Therefore, when the electrode 10 moves between
the unwinder UW and the rewinder RW, the movement
distance may be detected by the rotary encoders 20U
and 20R. Although FIG. 2 shows that an unwinder en-
coder and a rewinder encoder are respectively disposed
outside the unwinder UW and the rewinder RW for con-
venience of description, the encoders may be respec-
tively embedded in the unwinder UW and the rewinder
RW.

[0193] Theinspection and/ormeasurement devices 30
may be connected to the position measurement device
20 by wire or wirelessly to acquire together coordinate
values of an electrode part for which the inspected and/or
measured data has been acquired. In this case, the in-
spection and/or measurement devices 30 may transmit
the inspected and/or measured data and the coordinate
values to the roll map make-up unit 50.

[0194] The apparatus 100 for making up the roll map
according to the present invention may include the con-
troller 40 (programmable logic controller (PLC)) for con-
trolling the electrode movement between the unwinder
UW and the rewinder RW. In this case, the controller 40
may be connected to the position measurement device
20 and the inspection and/measurement device 30 to
receive the coordinate values from the position meas-
urement device and the inspected and/or measured data
from the inspection and/or measurement device. The
controller 40 may match the inspected and/or measured
data with the coordinate values of the electrode part for
which the data has been acquired and transmit the
matched data (data of the coordinate values and inspect-
ed and/or measured data) to the roll map make-up unit
50.

[0195] Alternatively, the controller 40 may process the
inspected and/or measured data and the data of the co-
ordinate values in the form capable of being easily proc-
essed by the roll map make-up unit 50. Since the PLC
40 is connected to the inspection and/or measurement
device 30, the encoder 20, or the like to control the roll-
to-roll transfer of the electrode, the inspection and/or
measurement device 30, the encoder 20, or the like may
more efficiently transmit the data to a data processing
system such as an electrode manufacturing execution
system (MES) through the controller 40 than directly
transmitting the data to the MES in terms of data process-
ing and management.

[0196] Meanwhile, depending on the type ofinspection
and/or measurement device, some inspection and/or
measurement devices may be directly connected to the
position measurement device to acquire the inspected
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and/or measured data and the data of the coordinate
values together. In addition, some inspection and/or
measurement devices may acquire only the inspected
and/or measured data, and the data of the corresponding
coordinate values may be acquired by the position meas-
urement device and matched in the controller 40. That
is, an object (location) for performing the matching with
the data of the coordinate values may vary depending
on the type, a configuration of a device, a processing
capacity, or the like of the inspection and/or measure-
ment device.

[0197] Meanwhile, the coordinate values of the elec-
trode part for which the inspected and/or measured data
has been acquired may be values acquired by adding
coordinate values according to the amount of rotation of
the rewinder RW at a time point at which the correspond-
ing inspected and/or measured data has been acquired
and an offset distance, which is a distance between the
corresponding inspection and/or measurement device
30 and the rewinder.

[0198] In FIGS. 2 and 3, when the inspection and/or
measurement device 30 inspects the electrode 10 and
acquires the inspected data, the position of the electrode
part of the electrode 10 is detected by the position meas-
urement device 20 of the rewinder RW. However, the
electrode part of the electrode 10 is notin a state of having
arrived at the rewinder RW at the time point at which the
inspected data has been acquired. In the embodiment,
since the coordinates of the roll map are based on the
rewinder RW, coordinates in the longitudinal direction
detected when the electrode part actually arrives at the
rewinder RW become coordinates of the corresponding
electrode part in the longitudinal direction. Therefore, the
coordinate values of the electrode part in the longitudinal
direction for which the inspected and/or measured data
has been acquired are obtained only when the distance
(offset distance) from each of the inspection and/or
measurement devices to the rewinder RW is added to
the encoder values (coordinate values in the longitudinal
direction) of the rewinder RW at the time point at which
the data has been acquired. For example, a coordinate
value of an electrode part a whose loading amount has
been detected by the loading amount measurement de-
vice 31 on a longitudinal axis is a value obtained by add-
ing an encoder value (coordinate value) A of the rewinder
RW at the detected time point and an offset distance L1
between the loading amount measurement device 31
and the rewinder RW. According to the same principle,
acoordinate value of an electrode partb whose reference
points have been detected by the reference point meas-
urement device 32 in the longitudinal direction is a value
obtained by adding an encoder value B of the rewinder
RW at the detected time point and an offset distance L2
between the reference point measurementdevice 32 and
the rewinder RW. In addition, a coordinate value of an
electrode part ¢ in the longitudinal direction is a value
obtained by adding an encoder value C of the rewinder
RW at the detected time point and an offset distance L3
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between the exterior inspection device 33 and the re-
winder RW.

[0199] Meanwhile, a coordinate value of the electrode
part for which the inspected and/or measured data has
been acquired in a width direction may be acquired by
the inspection and/or measurement device 30.

[0200] For example, the inspection and/or measure-
ment device 30 such as the exterior inspection device
shown in FIG. 3 may be provided with a program capable
of scanning and inspecting the exterior of the entire elec-
trode 10 in the width direction. Alternatively, the inspec-
tion and/or measurement device itself may be movably
installed in the width direction of the electrode. Alterna-
tively, a plurality of inspection and/or measurement de-
vices may be installed in the width direction of the elec-
trode. Therefore, the inspection and/or measurement de-
vices 30 may acquire data on quality or defects (e.g.,
loading amount data or exterior defect data) for each
point of the electrode in the width direction, and the po-
sition data (coordinate values) in the width direction for
which the data has been acquired may also be acquired
by the inspection and/or measurement device 30. There-
fore, each inspection and/or measurement device 30
may acquire all of the inspected and/or measured data
(e.g., the data on quality or defects), the coordinate val-
ues of the electrode 10 in the longitudinal and width di-
rections for which the inspected and/or measured data
has been acquired and transmit all data to the roll map
make-up unit 50, to be described below.

[0201] FIG. 4 is a schematic diagram of a data visual-
ization device provided in the apparatus for making up
the roll map.

[0202] The apparatus 100 for making up the roll map
according to the present invention includes the roll map
make-up unit 50 for making up the roll map expressed in
a planar shape on which a moving electrode is imitated
and displaying at least some of the inspected and/or
measured data.

[0203] The roll map make-up unit 50 may display the
coordinate values and the at least some of the inspected
and/or measured data on the roll map. In addition, the
roll map make-up unit50 may display reference points
marked on the electrode at predetermined intervals at
positions on the roll map corresponding to coordinate
values of the corresponding reference points. That is,
reference point data may also be displayed on the roll
map.

[0204] To this end, the roll map make-up unit 50 may
be connected to the position measurement device 20 and
the inspection and/or measurement device 30 to receive
the data of the coordinate values and the inspected
and/or measured data. Alternatively, the roll map make-
up unit 50 may be connected to the controller 40 to re-
ceive the data of the coordinate values and the inspected
and/or measured data through the controller.

[0205] Referring to FIG. 2, the roll map make-up unit
50 may include a database 51 for storing the data ac-
quired from the inspection and/or measurement device
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30 and the position measurement device 20 or storing
data on quality, dimensions, and the like of a normal elec-
trode. In addition, the roll map make-up unit 50 may in-
clude a central processing unit 52 for processing the ac-
quired data and instructing the visualization device 53
provided in the roll map make-up unit 50 to visualize the
data.

[0206] The roll map make-up unit 50 includes the vis-
ualization device 53 for defining a visualization region to
form the roll map on which the electrode 10 is to be im-
itated and for displaying coordinate values on the defined
region. The visualization device 53 may match the data
of the coordinate values with the inspected and/or meas-
ured data and display a matching result. The visualization
device 53 may be connected to the central processing
unit 52 and may visualize and display the inspected
and/or measured data and the data of the coordinate
values according to instructions from the central process-
ing unit.

[0207] As shown in FIG. 4, the visualization device 53
includes an acquisition data input unit 53a, a roll map
coordinate identifier 53b, and an image generator 53c.
[0208] First, the acquisition datainputunit53areceives
data from the central processing unit 52.

[0209] The roll map coordinate identifier 53b may de-
fine the visualization region to form the roll map and de-
fine coordinate values of pixels within the visualization
region for each data element of the acquired source data.
In this case, when data on specifications such as a lot
number, a length, and a width of the electrode roll is input
to the controller 40, the DB, a server (not shown), or the
like by registering information on the electrode roll, the
roll map coordinate identifier 53b may calculate and de-
termine the visualization region of the roll map according
to a predetermined conversion scale from data on a size
of the electrode 10. Alternatively, the roll map coordinate
identifier 53b may also calculate and determine the vis-
ualization region of the roll map according to the prede-
termined conversion scale from the above-described da-
ta of the coordinate values of the electrode 10 in the lon-
gitudinal and width directions.

[0210] The roll map coordinate identifier 53b may map
the acquired inspected and/or measured data with the
data of the coordinate values of the electrode 10 (in the
width and longitudinal directions) and allocate the
mapped data on the visualization region (roll map) ac-
cording to the coordinates of the pixels.

[0211] The image generator 53c may express the
mapped data elements allocated to the coordinates of
each pixel in the visualization region as at least one leg-
end. The legend may be various shapes such as a circle,
aquadrangle, and a triangle displayed in the visualization
region, those shapes with colors provided, or the like.
Therefore, the roll map according to the present invention
may be made up by visually displaying the inspected
and/or measured data at the coordinates of the pixels
(coordinates on the roll map) corresponding to each po-
sition data of the actual electrode 10 in designated
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shapes, forms, colors, or the like for each data in the
visualization region called the roll map and implementing
the inspected and/or measured data on the roll map by
the image generator 53c.

[0212] In addition, based on the data stored in a stor-
age such as the database 51 or a separate server, data
corresponding to a specific range may be loaded from
the storage in conjunction with the specific range of the
roll map and displayed (generated as images) on a
screen. At this time, the central processing unit 52 may
instruct the visualization device 53 to visualize and dis-
play inspected data to be distinct from other data, if de-
termined to be abnormal compared to normal data stored
in the database 51.

[0213] Setting the size of the visualization region or
identifying the coordinates of the visualization region to
generate images may be performed by various conven-
tional user interfaces or various programs or processing
tools related to data allocation-processing-analysis and
visualization. Therefore, the roll map make-up unit 50 is
only one example and is not limited to the above-de-
scribed embodiment.

[0214] The roll map make-up unit 50 may be, for ex-
ample, a data processing system such as an MES orone
component of the system. Alternatively, the roll map
make-up unit 50 may be software having operating logic
of the data processing system, hardware including the
corresponding software, a mechanical device, or the like.
[0215] The dataprocessing systemis a system (includ-
ing hardware or software) for performing input, process-
ing, output, communication, and the like in order to per-
form a series of operations on data. In the electrode man-
ufacturing process, an electrode MES for managing a
series of electrode manufacturing processes such as
coating, press, and slitting is provided. Therefore, when
the above-described coordinate data, inspected data,
and the like are transmitted to the electrode MES, the
above-described roll map may be made up by the elec-
trode MES. In this case, the above-described roll map
may be made up for each of the coating process, the
press process, and the slitting process.

[0216] The electrode undergoing the electrode manu-
facturing process is installed between an unwinder and
arewinder of a notching process. In the notching process,
the electrode installed between the unwinder and the re-
winder is punched, and an electrode tab is formed on the
electrode. Even in the notching process, the above-de-
scribed inspection and/or measurement unit, roll map
make-up unit, position measurement device, and the like
are installed to make up the roll map of the notching proc-
ess. In this case, the roll map make-up unit of the notching
process may be a notching MES.

[0217] Alternatively, the roll map make-up unit may be
a so-called statistical process control (SPC) device.
Here, the SPC is a management method of efficiently
operating a process in a statistical method to achieve the
quality or productivity target required for the process.
[0218] Alternatively, for example, the data processing
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system such as the MES may make up a basic roll map
in which at least some of the inspected and/or measured
data matches the coordinate values, and an upper level
system such as the SPC device may make up an inter-
mediate roll map additionally displaying the entire data,
detailed data, and the like of the inspected and/or meas-
ured data to the coordinate values. In this case, as the
amount of data increases, an additional server capable
of storing the entire data or the detailed data may be
required.

[0219] When a large amount of data may be system-
atically processed, the basic roll map and the intermedi-
ate roll map may also be processed by one data process-
ing system.

[0220] Meanwhile, furthermore, the data processing
systems such as the MES and the SPC may be connect-
ed to an upper level system (e.g., a data warehouse
(DW)). In this case, process data additionally acquired
from other processes may be used in connection with
the data (coordinate values and inspected and/or meas-
ured data) acquired from the electrode manufacturing
process or the notching process. That is, if a battery cell
semi-finished product or a battery cell is manufactured
in the electrode manufacturing process or the process
following the notching process using the electrode whose
coordinate values are specified, the process data ob-
tained from the following process may be matched to the
inspected and/or measured data. Therefore, itis possible
to identify manufacturing history of a specific electrode
part from the following process to the preceding process.
Therefore, it is possible to more easily perform quality
control and analysis. In addition, when a problem occurs
in the battery cell semi-finished product, the battery cell,
or a battery module or battery pack including the same,
it is possible to easily perform quality tracking and an
analysis of a cause of a problem through the matched
data.

[0221] Asdescribed above, various data orinformation
necessary for various data processing system related to
the electrode manufacturing, in a broad sense, through-
out a battery manufacturing process of manufacturing a
finished battery, module, or pack, including the electrode
manufacturing, may be linked to the roll map. Therefore,
when the roll map is used, it is possible to easily perform
quality control/analysis/tracking related to the battery
manufacturing.

[0222] In addition, as shown in FIG. 2, the apparatus
100 for making up the roll map according to the present
invention may include a manual input device 70 to which
the inspected and/or measured data of the electrode,
which has been manually inspected and/or measured, is
input. The manual input device 70 may directly transmit
the manually inspected and/or measured inspected
and/or measured data to the roll map make-up unit 50.
In this case, the manual input device may acquire the
coordinate values of the electrode part for which the in-
spected and/or measured data has been acquired in con-
junction with the position measurement device. Alterna-
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tively, the manual input device may be connected to the
controller to transmit the manually acquired inspected
and/or measured data together with the data of the co-
ordinate values to the roll map make-up unit through the
controller.

[0223] For example, information on defects, discon-
nection, or the like of the electrode 10 may be automat-
ically acquired through the inspection and/or measure-
ment device 30 but may be directly input by an operator
in an electrode production line. In this case, the operator
may input a length and a position of the visually checked
defect and attach a tag to the defect part. Alternatively,
when the electrode is broken, the operator may connect
the electrode using the joint connection member and in-
put information on the connected part, a length of the
broken electrode, and the like to the manual input device.
[0224] The roll map make-up unit 50 may display the
made-up roll map on the display unit 60 so that data on
quality or defects may be visually and easily identified at
a glance.

[0225] The manualinput device 70 and the display unit
60 may be predetermined input/output interfaces (I/F).
For example, an input device (not shown), such as a key-
board, a mouse, or a touch panel, may be used as the
manual input device.

[0226] Inaddition, the roll map make-up device accord-
ing to the present invention may be provided with an in-
terface for connecting the roll map make-up unit, the con-
troller, the position measurement device, the inspection
and/or measurement unit, and the like to the display unit
to transmit or receive data.

[0227] Meanwhile, the roll map make-up unit 50 may
make up at least one of an absolute coordinate roll map
displaying coordinate values of an removed electrode
part and a survival electrode part left after removal to-
gether and a relative coordinate roll map displaying only
the coordinate values of the survival electrode part.
[0228] FIG. 5is a schematic diagram showing one ex-
ample of the roll map made up by the apparatus for mak-
ing up the roll map according to the present invention.
[0229] Onarollmap RM1, adimension of the electrode
in the longitudinal direction is expressed as coordinates
at predetermined intervals. As described above, since
the information on defects, quality, electrode breakage,
and the like occurring in the electrode manufacturing
process is displayed on the roll map together with the
coordinate values, the data on quality or defects in the
electrode manufacturing process may be visually and
easily identified at a glance.

[0230] Referring to FIG. 5, exterior defect information
such as a pinhole defect f1 and a line defect 2 is visually
displayed at the coordinate values at which the defect
has occurred. In addition, a mismatched part f3 of the
coating part and the non-coating part is also displayed.
A loading amount defect and the like are also displayed,
and a portion in which the electrode is discarded at the
outermost portion is also displayed.

[0231] In addition, reference points M1, M2, and M3
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marked on the electrode are displayed at points of 300,
600, and 900 meters.

[0232] Meanwhile, when the electrode is broken and
the operator connects the electrode using the joint con-
nection member, the length of the electrode is reduced
by the length of the broken electrode. In addition, as de-
scribed above, a point at which the exterior defect has
occurred is also removed and the operator may connect
the remaining electrode pieces. The coordinate values
on the roll map may be corrected by imitating even such
a situation in the roll map RM1. Referring to FIG. 5, a roll
map of absolute coordinates A displaying the coordinate
values of the removed electrode part and the survival
electrode part left after removal and a roll map of relative
coordinates B displaying only the coordinate values of
the survival electrode part are shown together. As shown
in FIG. 5, the relative coordinates B and the absolute
coordinates A may be displayed together on one roll map
RM1 but may also be displayed separately. The roll map
displayed with the relative coordinates displays an actual
state of the electrode.

[0233] Meanwhile, the electrode may be classified as
a single-sided electrode in which the electrode is coated
only on one surface (top or bottom surface) of a current
collector and a double-sided electrode in which the elec-
trode is coated on both top and bottom surfaces thereof.
In this case, the roll map make-up unit may make up the
rollmap on one surface of the electrode (current collector)
or any one surface or both surfaces.

[0234] FIG. 6 is a flowchart showing one embodiment
of a method of making up a roll map according to the
present invention.

[0235] As shown in FIG. 6, the method of making up
the roll map according to one embodiment of the present
invention includes acquiring inspected and/or measured
data by inspecting and/or measuring an electrode moving
between an unwinder and a rewinder and acquiring a
position of the moving electrode as coordinate values
(S2), and making up a roll map by marking at least some
of the inspected and/or measured data and the coordi-
nate values on a (virtual) planar surface on which the
moving electrode is imitated (S3).

[0236] An electrode roll information registering opera-
tion of registering specifications of the electrode roll in-
stalled on the unwinder (S 1) may be performed before
the acquiring of the inspected and/or measured data and
acquiring of the position of the electrode as the coordinate
values (S2).

[0237] The specifications of the electrode roll are spec-
ifications of the corresponding electrode roll, such as the
type of the electrode determined according to a lot
number, a length of an electrode, a width of the electrode,
an input material, composition, and the like of the corre-
sponding electrode roll. In order to register the electrode
roll information, when the electrode roll is introduced into
the unwinder, information on the electrode roll may be
input to a server or the like that does not display some
or all pieces of the specification information including the

EP 4 340 054 A1

10

20

25

30

35

40

45

50

55

24

46

lot number of the electrode roll. Such a data input may
also be manually performed by the operator. Alternative-
ly, an identification mark for identifying the specifications
or detailed data of the electrode, such as a barcode at-
tached to the electrode roll, may be automatically iden-
tified by an identification mark recognition device, such
as a barcode reader, by scanning the identification mark,
thereby the corresponding information being input to the
server or the like.

[0238] When the information on the electrode roll is
registered in the server, the specifications or detailed da-
ta of the electrode (roll), such as a lot number, a process,
and equipment, may be loaded on the roll map to be
made up in the future from the server and displayed to-
gether with the roll map. In addition, since the specifica-
tions related to the length and width of the electrode roll
may be identified from these data, a shape and a size of
the roll map may be determined at a predetermined scale
proportional to the length and width of the electrode when
the roll map is made up by the roll map make-up unit.
That is, according to the conversion scale stored in the
roll map make-up unit or the like, a shape and a size of
a roll map bar corresponding to the length and width of
the corresponding electrode may be displayed on an out-
put device such as a display. In this case, information on
at least some of the specifications of the electrode roll
may be displayed on the roll map together.

[0239] In order to make up the roll map, the inspected
and/or measured data is acquired by inspecting and/or
measuring the electrode moving between the unwinder
and the rewinder. In addition, at this time, the position of
the corresponding electrode needs to be acquired as co-
ordinate values (S2). As described above, the inspected
and/or measured data may be acquired automatically by
a predetermined inspection and/or measurement device
or manually by the operator. In this case, the operator
may input the inspected and/or measured data and the
coordinate values of the corresponding electrode to the
manual input device.

[0240] For example, when there are foreign substanc-
es or faults on the electrode before the current collector
is coated with the electrode, this part is cut and discarded
to adefectremoval port, and the electrode may be directly
connected or the electrode may be connected by the con-
nection member such as polyethylene terephthalate
(PET). Alternatively, the electrode may be connected
even when a fault occurs on the electrode even after
coating or when the electrode is broken due to excessive
tension. In addition, since outermost portions of startand
end points of the electrode may have non-uniform quality,
the outermost portions are cut and discarded. Such an
electrode connection section or discard section may be
automatically or manually measured. For example, when
connecting a disconnection section, the operator may
either directly input a position of the section to the server
or the data processing system or input the position of the
section to a separate input device installed in the elec-
trode production line, which may communicate with the
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server or the like. Alternatively, the operator may also
directly attach an indication tag to the disconnection sec-
tion or the connection section on the electrode.

[0241] The electrode 1 is inspected by the predeter-
mined inspection and/or measurement device 10 in-
stalled in the electrode production line. For example,
measurement devices, such as an electrode slurry load-
ing amount measurement device, a dimension and width
measurement device, a reference point measurement
device, and an exterior inspection device, may be in-
stalled in the line. As the electrode slurry loading amount
measurement device, a non-contact type thickness
measurement sensor, such as an ultrasonic sensor, a
displacement sensor, a laser sensor, and a confocal
thickness sensor, may be employed. Since a thickness
of an electrode foil is known, for example, the confocal
thickness sensor may measure the slurry loading amount
by analyzing a wavelength of the light emitted from the
sensor and reflected by the electrode and calculating a
distance (thickness) between the sensor and the elec-
trode.

[0242] The dimension and width measurement device
may employ a kind of vision measurement device capa-
ble of measuring a width of the electrode, widths of the
coating part and the non-coating part, and the like by
capturing or scanning the exterior of the electrode. When
the widths of the coating part and the non-coating part
are identified, it is also possible to determine whether the
coating part and the non-coating part are mismatched.
[0243] The exterior inspection device may acquire an
exterior image by capturing the exterior of the electrode.
Therefore, it is possible to obtain data on exterior defects
such as a pinhole, a line, and a crater shape and also
acquire data on insulating exterior or insulating defect.
The exterior inspection device may also include an in-
spection device having a sensor, for example, a color
sensor capable of determining a color of the electrode.
A part having a different color from the electrode, for ex-
ample, a PET connection member, may be detected by
the color sensor.

[0244] The inspection and/or measurement device is
illustrative for description, and the type of inspection
and/or measurement device is not limited as long as the
data on quality or defects in the electrode manufacturing
process or the notching process may be acquired.
[0245] Meanwhile, a frontmost end of the electrode at
which the electrode coating starts is coated by an elec-
trode slurry coater or the like while coating conditions
such as a loading amount are still being adjusted. A load-
ing amount of this part may be changed. Therefore, data
on such a condition adjustment section may also be ac-
quired by the inspection and/or measurement device,
and these data may be displayed on the roll map bar.
[0246] In addition, it is necessary to acquire the posi-
tion of the electrode moving in the roll-to-roll state as
coordinate values together with the inspected and/or
measured data. That s, position data of the electrode for
which the data has been acquired needs to be specified.
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That is, assuming that the roll map bar or the roll map
has a coordinate system composed of two coordinate
axes in the longitudinal and width directions, the position
data of the electrode that is the basis for extracting the
position (coordinates) needs to be identified to display
specific data at a specific position (coordinates) of the
coordinate system.

[0247] As one embodiment, the position data (coordi-
nate values) of the electrode in the longitudinal direction
may be detected by the encoder installed on the unwinder
UW or the rewinder RW. The coordinate values match
the inspected and/or measured data. The matching of
the coordinate values and the data may be performed by
the corresponding inspection and/or measurement de-
vice or the PLC.

[0248] Meanwhile, coordinate values of the electrode
in the width direction may be acquired by the inspection
and/or measurement device. The coordinate values in
the width direction may also match the inspected and/or
measured data and be displayed on the roll map.
[0249] In addition, as shown in FIG. 5, the reference
points marked on the electrode at predetermined inter-
vals may be displayed at the positions on the roll map
corresponding to the coordinate values of the corre-
sponding reference points.

[0250] The so-called roll map is made up by displaying
the acquired inspected and/or measured data, coordi-
nate values, and the like on the planar surface on which
the electrode is imitated. The roll map make-up unitis a
data processing system capable of data processing and
may be, for example, an electrode MES, an assembly
MES, or an SPC or a DW which is an upper level system.
Alternatively, the roll map make-up unit may be one com-
ponent constituting the system.

[0251] The roll map make-up unit makes up the roll
map by marking at least some of the inspected and/or
measured data at the coordinate values indicating the
positions on the electrode for which the corresponding
data has been acquired. In addition, all data of the in-
spected and/or measured data or detailed data on one
or more of the inspected and/or measured data may be
additionally displayed on the roll map. The detailed data
is data associated with the inspected and/or measured
data and may be, for example, an exterior image at a
specific position of the electrode.

[0252] Inaddition, process data for each detailed proc-
ess (e.g., coating, roll press, slitting, and notching proc-
esses) while the electrode is manufactured may be dis-
played in connection with specific coordinate values of
the roll maps or a specific data display unit. For example,
discharge conditions, such as electrode drying temper-
ature in the coating process and a slurry discharge pres-
sure of the coater, may become process data of the coat-
ing process. Alternatively, a press pressure or the like in
the roll press process may also become the process data.
[0253] At least one server may be provided to store
the entire data, the detailed data, or the process data.
The roll map make-up unit may receive necessary data
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from the server and display the data together on the roll
map.

[0254] Inaddition, theinspected and/or measured data
may be compared with normal data, and data determined
to be abnormal may be displayed on the roll map to be
visually distinct from other data. To this end, the roll map
make-up unit may be provided with a predetermined vis-
ualization device.

[0255] In addition, data on an input status of an input
material input to the electrode manufacturing process
may be displayed together with the roll map. Therefore,
it is possible to more easily perform the quality control
by comparing the material input status and the data on
the roll map.

[0256] FIG. 7 is a schematic diagram of the roll map
according to one embodiment of the present invention,
and FIG. 8 is a schematic diagram of a roll map according
to another embodiment of the present invention.

[0257] A roll map RM2 in FIG. 7 includes a roll map
bar 110 displayed in a bar shape imitating an electrode
in a roll-to-roll state. The roll maps in FIGS. 7 and 8 show
roll maps of the electrode coating process.

[0258] On the roll map, at least some of the inspected
and/or measured data acquired by inspecting and/or
measuring the moving electrode is displayed at prede-
termined positions on the roll map bar corresponding to
the position of the electrode for which the data has been
acquired.

[0259] The roll map bar 110 imitates an actual elec-
trode installed in the roll-to-roll state and moving between
the unwinder and the rewinder and may be displayed in
a long rectangular planar shape.

[0260] Startand end points of the roll map bar 110 and
a portion of the roll map bar 110 between the start and
end points may be displayed in synchronization with a
path of the electrode moving between the unwinder and
the rewinder. For example, when a length of the electrode
roll to be coated is 3000 meters, the roll map bar 110
imitating such an electrode is also reduced at a prede-
termined scale (ratio) on 3000 meters and displayed on
a screen. In addition, since detailed information such as
a lot number and a width of the electrode roll may also
be identified when a specific electrode roll is installed
between the unwinder and the rewinder, the width in ad-
dition to the length of the electrode (roll) may be reduced
at a predetermined scale. The roll map bar 110 reduced
to a length and a width according to the predetermined
ratio(s) may be displayed on the screen. Therefore, the
length and width of the roll map bar 110 correspond to
the length and width of the moving actual electrode at
the predetermined ratio(s). In addition, when the specific
position of the electrode is, for example, expressed as
coordinate values expressed in units of dimensions of
the length and width of the electrode, the corresponding
coordinates may also be reduced at the predetermined
ratio(s) and displayed on the roll map bar 110. FIGS. 7
and 8 show coordinate values 140 indicating positions
of the electrode in the longitudinal direction at predeter-
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mined intervals of the roll map bar 110 in the longitudinal
direction.

[0261] In addition, since the roll map bar 110 is syn-
chronized with the moving actual electrode (path) or the
electrode movement while being coated between the un-
winder and the rewinder, a coating status of the corre-
sponding portion may be displayed on the roll map bar
110 even when coating for adjusting the coating condi-
tions is performed before an actual coating. Therefore,
the roll map bar 110 may be displayed by being divided
into a condition adjustment part A for coating condition
adjustment and a mass production part B on which the
actual coating is performed under the adjusted condi-
tions.

[0262] In addition, even when a section (disconnection
section 122) in which the electrode is broken in the coat-
ing process and re-connected is generated, this may be
displayed on the roll map bar 110.

[0263] When the roll map bar 110 displays the elec-
trode path in synchronization with the actual electrode
movement, a portion of the data displayed on the roll map
bar 110 is a portion in which data on quality or defects in
the actual electrode coating process is displayed. In the
specification, the "data on quality or defects" includes not
only datain a normal range, such as loading amount data
and dimension/width data, but also data on the position
of the electrode acquired for sample inspection in addi-
tion to data on actual defects, such as an exterior defect,
an insulating defect, and the mismatch between the elec-
trode coating part and the electrode non-coating part.
That is, theoretically, as long as there is an inspection
and/or measurement device capable of measuring spe-
cific quality in the electrode manufacturing process, all
data measured by such an inspection and/or measure-
ment device may be displayed on the roll map. Therefore,
in the specification, the "data on quality or defects in the
electrode coating process" includes normal data as well
as data on defects and indicates all other data on quality
that may be quantified or visualized and displayed on the
roll map.

[0264] Inaddition, inthe specification, the "visually dis-
play" data or "visualization" of data may be defined as
visually recognizing and displaying data on the roll map
on which the electrode is imitated using at least one of
those recognizable by a shape, a color, a size, a pattern,
a contrast, a transparency, various symbols, numbers,
letters, or other sight. In addition, the "portion visually
displayed" may be defined as a display portion, including
not only a portion displayed in the shape, the color, or
the like at the specific position on the roll map bar, but
also a portion visually displayed in the shape, the color,
or the like in a specific range or the entire range of the
roll map bar. For example, when data on the electrode
slurry loading amount is displayed in color or the like
throughout the roll map bar, at this time, the data display
portion may correspond to the entire portion rather than
a part of the roll map bar. In the drawings of the specifi-
cation, each data display portion is displayed separately
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by hatching, but it goes without saying that the corre-
sponding data display portion may be displayed in color
to be distinct from each other.

[0265] Since the roll map bar 110 according to the
presentinvention imitates an actual electrode to be coat-
ed, it is preferable to display detailed information on the
actual electrode (roll) installed between the unwinderand
the rewinder together with the roll map bar 110.

[0266] In addition to the lot number of the electrode
roll, detailed information 130 on manufacturing lines,
manufacturing processes, and manufacturing equipment
of the electrode roll, a side of the electrode, and the like
is displayedin anupperdrawing of FIG. 7. Not only history
information of the preceding process of the electrode roll
provided to the coating process, but also coating-related
additional information on which line or equipment has
been used to perform coating in the coating process and
whether one surface or both surfaces have been coated
with the electrode or information on specifications of the
electrode roll may be identified from the detailed infor-
mation 130. In addition, by clicking an inquiry button dis-
played on an upper right end of the screen and input
keywords on lines, processes, manufacturing equip-
ment, a surface of the electrode, the roll map RM2 or the
roll map bar 110 corresponding to the corresponding
menu may be loaded and displayed on the screen.
[0267] At least one of data on quality or defects 120
displayed on the roll map bar 110 may be acquired man-
ually or automatically.

[0268] The data on quality or defects that may be dis-
played on the roll map bar 110 or identified from the roll
map according to one embodiment of the present inven-
tion are specifically identified with reference to FIGS. 7
and 8 as follows:

i) data on at least one of a dimension and a width of
the electrode 125;

ii) data on mismatch between an electrode coating
part and an electrode non-coating part 126;

iii) data 121 on a slurry loading amount on the elec-
trode;

iv) data 123 on an exterior of the electrode;

v) data 122 on a position of an electrode disconnec-
tion section or a connection position between the
electrodes;

vi) data 129 on a position of a sample inspection unit;
vii) data on a position of an electrode discard section;
viii) data 124 and 127 on insulation quality or defects

in an insulating material coating process performed
after electrode slurry coating; and
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ix) other defect data 128.

[0269] In addition,
x) data on reference points marked on the electrode
at predetermined intervals, and

xi) data on a thickness of the electrode afterroll press
may be displayed on the roll map bar.

[0270] In order to display the inspected and/or meas-
ured data 120, the name of data displayed in a specific
color, shape, form, or the like may be briefly displayed
at the upper end of the screen, and actual data displayed
in such a color, shape, or form may be displayed at a
specific position or in a specific range on the roll map bar
110.

[0271] Specifically, when the dimension or the width
of the electrode is out of the normal range, the data 125
thereon may be displayed on the roll map.

[0272] In addition, the data on the mismatch in which
the widths of the coating part and the non-coating part
are out of the set range 126 may be displayed on the roll
map.

[0273] Inaddition, cases in which the data on the elec-
trode slurry loading amount 121 is normal 121a, insuffi-
cient 121b, and excessive 121¢ may be displayed in a
specific range on the roll map bar with hatching.

[0274] In addition, the electrode exterior defect 123 is
displayed in circle at a specific place of the roll map bar.
[0275] In addition, the disconnection section 122 in
which the electrode is cut and connected by the connec-
tion member such as PET is displayed at a left end of
the roll map bar 110. A case in which the electrodes are
directly connected without the connection member may
also be displayed on the roll map. When performing such
an electrode connection, the operator may directly dis-
play data or position information on such a section on
the roll map RM2.

[0276] In addition, the data on the electrode part pro-
vided for sample inspection 129 may also be displayed
on the roll map RM2.

[0277] Inaddition, data on the sectioninwhichthe elec-
trode is discarded may also be displayed on the roll map.
For example, an outermost section of the coated elec-
trode is cut and discarded, and the roll map RM2 accord-
ing to the present invention may also display information
on such a discard section.

[0278] In the electrode coating process, since the in-
sulating material coatingis also performed on a boundary
between the coating part and the non-coating part in ad-
dition to the coating of the electrode slurry, matters on
the insulation defect 127 or the insulation exterior defect
124 may also be displayed on the roll map bar 110. In
this sense, it is clear that the "electrode coating process"
in the specification includes "coating of the insulating ma-
terial" in addition to "coating of the electrode slurry."
[0279] In addition, the data on other defects 128 in ad-
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dition to the exterior defect or the insulation defect may
also be displayed on the roll map bar 110. The data on
other defects 128 are other defects when displayed in
the electrode coating process, but when the data is de-
termined to be specific defects at the time of completing
the coating or in the following process, the data may be
changed to such a specific defect later and displayed on
the roll map RM2. Displaying the other defect data may
be an important material for identifying the cause of the
defect when any defect occurs in the following process.
[0280] As described above, by displaying the data on
quality or defects 120 in a specific shape, color, or the
like on the roll map bar 110 synchronized with the elec-
trode path, for example, quality-related history informa-
tion in the electrode coating process or other roll-to-roll
processes may be identified at a glance.

[0281] In addition, as shown in FIG. 7, when a specific
range of the roll map bar 110 is designated (clicked),
inspected and/or measured data in an electrode range
corresponding to the specific range or process data for
each detailed process at the time of manufacturing an
electrode may be displayed. For example, when the mis-
match section 126 of the roll map barin FIG. 7 is clicked,
detailed information 150 on the mismatch 126 in addition
to the loading amount in the mismatch section 121 and
the information on the width 125 may be identified at a
lower left end of the roll map bar together. The designa-
tion of such a range may be selected by clicking while
moving the inquiry barin aleft-rightdirection, and detailed
data in the range may be checked by designating the
defect section in units of a set length (e.g., in units of 1
meters). On an upper portion of the roll map bar 110,
only the loading amount of one surface of the electrode
is displayed, but in the detailed information 150, the roll
map may be formed so that the loading amounts of upper
and lower surfaces of the electrode may also be checked.
[0282] Meanwhile, when the electrode exterior defect
data 123 on the roll map bar 110 is clicked, an exterior
image 163 of the electrode captured by the exterior in-
spection device may be displayed separately from the
roll map bar. The exterior defectimage 163 displayed by
clicking the exterior defect data 123 is displayed to be
enlarged at a lower right end of the roll map bar in FIG.
7. In addition, when the exterior image is displayed, de-
tailed information 162 including position coordinates of
the exterior defect captured by the exterior inspection
device may also be displayed on the screen together with
the exteriorimage 163. The detailed information 162 may
include information on a lot ID of the electrode, an ID of
the exterior inspection device, the type of exterior defect,
alane of the electrode, and position coordinates, a grade,
a diameter, and a date and time of the occurrence of the
exterior defect. Since these pieces of information are
stored in the server, these pieces of information may be
loaded from the server and displayed separately on the
screen by clicking the exterior defect image of the roll
map bar.

[0283] In addition, the roll map RM2 according to the
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embodiment shown in FIG. 7 is displayed on the screen
separately for each lane L 1 and L2 on the electrode to
which the electrode slurry is applied. Since the electrode
may have the coating part to which the electrode slurry
is applied formed on an electrode foil at predetermined
intervals or in predetermined patterns, the roll map RM2
may be made up for each lane L1 and L2 to which the
electrode slurry is applied. FIG. 7 shows a roll map of the
two lanes L1 and L2.

[0284] A roll map RM3 in FIG. 8 is the roll map RM3
of a double-sided electrode in which both a top surface
T and a back surface B of the electrode are coated with
the electrode slurry. Since a roll map 200 displays the
top surface T and the back surface B of the double-sided
electrode respectively on upper and lower portions of the
same screen, the data 220 on quality or defects related
to the electrode slurry applied to both surfaces of the
electrode or the coating of the insulating material may be
compared and clearly identified.

[0285] In addition, the roll map RM3 according to the
embodiment displays data 250 on input statuses of the
electrode foil, the electrode slurry, and the insulating ma-
terial input to the electrode coating process and data 260
on the loading amount of the electrode slurry input to the
electrode coating process together with the roll map 200
in the longitudinal direction of the roll map.

[0286] The electrode foil, the electrode slurry, and the
insulating material input to the electrode coating process
are displayed at the upper end of the screen. A long bar
indicating the electrode foil, the electrode slurry, and the
insulating material extends from left to right on the screen
together with the roll map in the longitudinal direction of
the roll map RM3. Therefore, a portion in which the bar
does not extend means that the corresponding material
(the electrode foil, the electrode slurry, or the insulating
material) has notbeen inputto the electrode coating proc-
ess. Therefore, it is possible to identify which section the
specific material has been input in the electrode coating
process from the data on the status of the input material
at a glance.

[0287] In the embodiment, data 221 on the loading
amount of the electrode slurry input to the electrode coat-
ing process is displayed on the roll map in the longitudinal
direction of the roll map, but displayed together with the
roll map in the longitudinal direction of the roll map at the
lower portion of the roll map separately from the roll map.
Since the data 260 displays the distribution of the loading
amount along the length of the electrode like a graph,
information on excessive or insufficient loading amount
may be more easily identified, and a numerical value of
the loading amount may also be displayed, as necessary.
Therefore, there is an advantage in that the information
on the loading amount may be identified more intuitively.
[0288] Detailed data 230 on a model, a process, man-
ufacturing equipment, and a lane number of the electrode
roll, the side surface of the electrode, and the like in ad-
dition to the lot number of the electrode roll are also dis-
played at the upper end of the screen in FIG. 8. In the
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embodiment, a menu related to the input status (Input),
an electrode (roll map) calculated by the input material
(Output), a menu 231 related to the measured value, a
menu 232 related to the selection of the surface of the
electrode, a menu 233 related to a zoom-in and zoom-
out (Zoom) of the screen, and a menu 234 related to
other measured value options are additionally displayed
atthe upper end of the screen. By selecting such a menu,
various types of roll maps RM3 corresponding to the cor-
responding menu may be displayed on the screen.
[0289] The roll map may be stored in a storage medi-
um.

[0290] The roll map may be stored in a database of the
roll map make-up unit shown in FIG. 2 or a separate
storage medium. The database may be, for example, a
memory. A plurality of memories may also be provided,
as necessary. The memory may be a volatile memory or
a non-volatile memory. As the memory of the volatile
memory, a random access memory (RAM), a dynamic
RAM (DRAM), a static RAM (SRAM), or the like may be
used. As the memory of the non-volatile memory, a read
only memory (ROM), a programmable ROM (PROM), an
electrical alterable ROM (EAROM), an erasable pro-
grammable ROM (EPROM), an electrically erasable pro-
grammable ROM (EEPROM), a flash memory, or the like
may be used. Examples of the listed memories 2200 are
merely illustrative and are not limited to these examples.
Alternatively, the storage medium may be a hard disk, a
CD-ROM, a USB memory, a solid state drive (SSD), or
the like.

[0291] The roll map and related data stored in the stor-
age medium may be freely used for battery manufactur-
ing, quality control, analysis, and problem tracking.
[0292] When breakage or defects occur in the elec-
trode in the electrode manufacturing process, there is a
case in which the broken or defective portion is removed
and the broken electrodes are connected with a connec-
tion tape. Alternatively, there is a case in which a start
portion or an end portion of the electrode, which has non-
uniform quality, is removed to maintain the quality of the
electrode. In this case, after removing and connecting
the electrode pieces, an operator inputs a length (loss
amount of the electrode) of the cut electrode to a con-
troller or the like. However, since the operator manually
measures the loss amount of the electrode with the naked
eye or a measuring tool such as a ruler and inputs the
loss amount of the electrode, in practice, the inputted
loss amount of the electrode is not accurate. In addition,
the loss amounts of the electrode, which are inputted by
respective operators, can vary.

[0293] In this case, in the following process, the fact
that the electrode was cut and reconnected may be con-
firmed by detecting the connection tape, but the loss
amount of the electrode may not be accurately identified
because the loss amount of the electrode depends on
the operator’'s input. When the loss amount of the cut
electrode is not accurate, since position coordinates of
the electrode in the following process are changed, it may
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be difficult to accurately perform the following process at
a desired position of the electrode. In addition, since a
criterion for comparing and analyzing changes in quality
between sub-processes of the electrode manufacturing
process is changed depending on the loss amount of the
electrode, quality comparison according to the position
of the electrode may not be reliably performed.

[0294] In addition, recently, a roll map is being used
which is a roll map bar displayed on a screen imitating
an electrode in aroll-to-roll state indicating data on quality
or defects. Such a roll map is made up in each sub elec-
trode manufacturing process, such as a coating process,
a roll press process, and a slitting process. The roll map
information is downloaded, and information on the qual-
ity, defect or the electrode breakage in the preceding
process is checked in the following process to remove
the defects or take necessary follow-up measures. How-
ever, when the loss amount of the electrode is not accu-
rately identified as described above, data on the position
of the electrode displayed on the roll map is changed,
and thus, the data on quality or defect may not be dis-
played in an accurate position. Accordingly, when the roll
map is referred to in the following process, there is a risk
of performing the following process based on incorrect
position coordinates.

[0295] Therefore, in the electrode manufacturing proc-
ess, it is necessary to develop a technology capable of
accurately measuring the loss amount of the electrode.
[0296] FIG. 9 is a schematic diagram showing a case
in which distortion occurs in position coordinates when
a loss occurs in an electrode in a state of having no ref-
erence points.

[0297] An upper drawing of FIG. 9 shows a roll map
RM imitating the movement of an electrode moving in a
roll-to-roll state between an unwinder UW and a rewinder
RW. A plurality of pieces of detailed data on quality or
defects are visually displayed together on the actual roll
map RM, but for convenience of description, FIG. 9
shows only electrode breakage and a connection tape D.
[0298] The roll map RM in the upper drawing of FIG.
9imitates an actual electrode, and several types of break-
age occur in the actual electrode. When one of sub-proc-
esses of an electrode manufacturing process is per-
formed, electrode breakage occurs in a process, and
breakages of 50 meters and 60 meters are displayed on
the roll map RM. In addition, 30 meters of a start portion
of the electrode was removed in a preceding process
before entering the process and 35 meters of an end
portion of the electrode was removed in the process.
[0299] Inthis case, the broken parts or the non-uniform
quality parts at the start and end portions of the electrode
having been removed, only the connection tape D for
connecting the broken parts is left as shown in a lower
drawing of FIG. 9. That is, a form of an actual electrode
is shown in the lower drawing of FIG. 9. In the lower
drawing of FIG. 9, for example, a position of the connec-
tion tape D may be detected by, for example, a joint de-
tection sensor. However, since the broken electrode part
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or the removed electrode part is not left in the actual
electrode, it is not possible to identify a loss amount of
the electrode, which is a length of the removed electrode
part (loss part). As described above, since the operator
manually inputs information on the removed electrode
part, it is difficult to know the exact loss amount of the
electrode.

[0300] In addition, if the loss amount of the electrode
is not known, the roll map RM of the corresponding elec-
trode manufacturing process, having the form as shown
in the lower drawing of FIG. 9, will also have distortions
in the position coordinates on the roll map. In the upper
drawing of FIG. 9, the connection tape is shown together
for convenience of description, assuming that the bro-
ken/removed lengths of the electrode are known. How-
ever, when an electrode loss actually occurs, the roll map
has the form as shown in the lower drawing of FIG. 9.
[0301] That is, in the roll map RM, the movement of
the electrode is imitated and a longitudinal dimension
corresponding to a dimension of the electrode in a lon-
gitudinal direction, that is, position coordinates are dis-
played, and when the loss amount of the electrode is not
identified, the loss amount of the electrode may not be
reflected in the longitudinal dimension. Therefore, when
the electrode is transferred to the following process of
the electrode manufacturing process or other processes
of the electrode manufacturing process, it is difficult to
use the roll map in which the loss amount of the electrode
is not reflected. That is, it is necessary to correct the
position coordinates by displaying or reflecting the loss
amount of the electrode in the roll map RM and also by
reflecting the loss amount of the electrode in the longitu-
dinal dimension (position coordinates) of the roll map.
[0302] FIG. 10 is a view showing the concept of the
present invention of preventing distortion of position co-
ordinates by introducing reference points.

[0303] Ina roll map RM in a lowermost portion of FIG.
10, reference points M1, M2, and M3 are introduced at
predetermined intervals, and an electrode loss part is
displayed. The number and intervals of reference points
M1, M2, and M3 may be differently applied depending
on the length or specifications of an electrode. In FIG.
10, an electrode having a length of 1200 meters is as-
sumed, and the reference points M1, M2, and M3 are
respectively displayed at points of 300, 600, and 900 me-
ters. When the reference points M1, M2, and M3 are
marked on an actual electrode and actually measured
when an electrode loss occurs, an interval between the
reference points is changed, and thus, it is possible to
easily identify the electrode loss based on the changed
value. As described above, when the electrode loss is
identified, the reference points M1, M2, and M3 and a
length of the electrode loss may be displayed together,
as in the roll map RM in the lowermost portion of FIG.
10. As will be described below, a longitudinal dimension
(absolute coordinates) of the electrode in which the loss
length is reflected and a longitudinal dimension (relative
coordinates) of the electrode in which the loss length is
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not reflected may be displayed together on one roll map.
[0304] As described above, by introducing the refer-
ence points to the electrode, the loss amount of the elec-
trode may be identified based on the change in the inter-
vals between the reference points, by comparing posi-
tions of the reference points before the change (positions
of set reference points) and positions of the measured
reference points; and then this can be reflected on the
roll map. The electrode loss amount measurement using
the reference points will be described in detail.

< Apparatus and method for measuring loss amount of
electrode>

[0305] FIG. 11is a schematic diagram of an apparatus
for measuring a loss amount of an electrode according
to one embodiment of the present invention.

[0306] An apparatus 200 for measuring the loss
amount of the electrode according to the present inven-
tion includes an electrode 210 which is transferred be-
tween an unwinder UW and a rewinder RW in a roll-to-
roll state and on which a plurality of reference points M1,
M2, and M3 are marked at predetermined intervals be-
tween start and end portions of the electrode 210, a ref-
erence point measurement device 220 for detecting the
reference points marked on the electrode, a position
measurement device 230 for deriving coordinate values
of the electrode according to an amount of rotation of the
unwinder UW or the rewinder RW and deriving a coordi-
nate value of the corresponding reference point in con-
junction with the reference point measurement device
when the reference point measurement device detects
the reference point, and a calculator 240 for calculating
aloss amount of the electrode by comparing the derived
coordinate value of the reference point with a coordinate
value of a set reference point when, between the start
and end portions of the electrode, an interval between
reference points is changed from a set interval due to a
loss of a part of the electrode.

[0307] In the apparatus 200 for measuring the loss
amount of the electrode according to the present inven-
tion, the plurality of reference points M1, M2, and M3 are
marked on the electrode 210 at predetermined intervals
between the start and end portions of the electrode. As
described above, the number and intervals of reference
points may be differently applied according to the length
or specifications of the electrode. The reference points
may be marked by a predetermined reference point
marker 260. For example, an inkjet-type ink marking
printer may be used as the reference point marker. Since
an electrode manufacturing process includes a plurality
of processes including a coating process, a roll press
process, and a slitting process, etc., the marking needs
to be first performed on the electrode before measuring
the loss amount of the electrode. To this end, the refer-
ence point marker 260 may be installed before the un-
winder UW in which the corresponding process is per-
formed, and may mark the plurality of reference points
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M1, M2, and M3 on the electrode at predetermined in-
tervals. For visibility, the marking of the reference points
may not be performed on a coating part 211 to which an
active material of the electrode 210 is applied but may
be performed on a non-coating part 212 to which the
active material is not applied The marking may be per-
formed on an upper or lower surface or both the upper
and lower surfaces of the non-coating part (see FIG. 15).
[0308] In addition, according to the present invention,
the reference point measurement device 220 for detect-
ing the reference points on the electrode is provided. The
reference point measurement device 220 may be an op-
tical character recognition (OCR) reader capable of read-
ing printed characters by OCR. Alternatively, a vision
camera capable of detecting the reference points by in-
cluding a vision sensor may be employed as the refer-
ence point measurement device. As shown in FIG. 11,
the reference pointmeasurement device may be installed
above the electrode 210 line transferred in the roll-to-roll
state.

[0309] The position measurement device 230 may de-
rive the coordinate values of the electrode according to
the amount of rotation of the unwinder UW or the rewinder
RW. For example, rotary encoders 230R and 230U for
extracting the coordinate values of the electrode from
amounts of rotation of motors for respectively driving the
unwinder UW and the rewinder RW may be used as the
position measurement device. Since the electrode un-
wound from the unwinder UW is wound around the re-
winder RW, the coordinate values of the electrodes de-
rived from the rotary encoders 230R and 230U respec-
tively installed in the unwinder UW and the rewinder RW
may be the same. No matter which rotary encoder is
used, the position of the electrode may be changed into
a digital signal according to the amount of rotation of the
motor, and the coordinate values may be derived as nu-
merical values. In the present invention, since the posi-
tion measurement device 230 interworks with the refer-
ence point measurement device 220, when the reference
point measurement device 220 detects the reference
point, the position measurement device 230 may derive
a position value of the corresponding reference point.
FIG. 11 shows that the reference point measurement de-
vice 220 is connected to the position measurement de-
vice 230 and the position measurement device 230 au-
tomatically derives the coordinate values of the reference
points when a detected signal of the reference point
measurement device is transmitted to the position meas-
urement device. The reference point measurement de-
vice may be connected to the position measurement de-
vice by a wire or wirelessly.

[0310] The present invention includes the calculator
240 for calculating the loss amount of the electrode by
comparing the derived coordinate values of the reference
points with the set reference point coordinate values
when the interval between the reference points is
changed from a set reference point interval due to a loss
of a part of the electrode 210. The calculator 240 may
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be, for example, a controller (PLC) for controlling trans-
ferring of the electrode between the unwinder UW and
the rewinder RW. Alternatively, the calculator may also
be the roll map make-up unit to be described below. The
calculator 240 may include a predetermined calculation
program and calculate the loss amount of the electrode
by comparing the coordinate values of the reference
points obtained by the position measurement device 230
and the set reference point coordinate values. To this
end, the calculator 240 may include a memory in which
the set reference point coordinate values are stored or
read data on the set reference point coordinate values
from a database.

[0311] AsshowninFIGS.9and 10, when the electrode
loss due to breakage or removal of an electrode part oc-
curs, the positions of the reference points are changed
from the positions of the initially marked reference points
(set reference point coordinate values). Therefore, the
calculator 240 may calculate the loss amount of the elec-
trode from the above fact. A detailed loss amount calcu-
lation process will be described in detail when a method
of measuring a loss amount of an electrode according to
the present invention is described.

[0312] The apparatus 200 for measuring the loss
amount of the electrode according to the present inven-
tion may further include a joint detection sensor 250 for
detecting a connection tape attached on the electrode.
The connection tape is a tape for connecting broken elec-
trodes when breakage occursin the electrode. When only
the joint detection sensor 250 is installed without having
the reference points, the joint detection sensor may iden-
tify that breakage is present in the electrode by detecting
the connection tape. However, itis not possible to identify
to what extent the length of the electrode is broken. As
described above, in the present invention, the reference
point measurement device 220, the position measure-
ment device 230, and the calculator 240 are provided so
that the length of the broken electrode may be identified.
[0313] Like the reference point measurement device
220, the position measurement device 230 interworks
with the joint detection sensor 250 and thus may derive
alength of the connection tape when the connection tape
is detected by the joint detection sensor 250. Specifically,
the joint detection sensor 250 may detect each of start
and end portions of the connection tape, and when the
position measurement device 230 receives each detect-
ed signal, the position measurement device may detect
a coordinate value at a time point of detecting the start
portion and a coordinate value at a time point of detecting
the end portion. Since a difference between the coordi-
nate value at the time point of detecting the start portion
and the coordinate value at the time point of detecting
the end portion becomes the length of the connection
tape, the length of the connection tape may be identified
by the position detection by the position measurement
device 230. The joint detection sensor 250 may be, for
example, a color sensor. Since a color of the connection
tape is typically different from that of an electrode, the
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connection tape, which is a part having a color different
from that of the electrode, may be detected by the color
sensor.

[0314] The connection tape may also include a poly-
ethylene terephthalate (PET) film in addition to an adhe-
sive tape that connects the electrode pieces. The PET
film extends a relatively longer section than the adhesive
tape and connects the electrode pieces.

[0315] When the connection tape is detected in addi-
tion to the reference point, the calculator 240 calculates
a value obtained by adding the length of the connection
tape to the loss amount calculated by comparing the co-
ordinate values of the reference points with the set ref-
erence point coordinates as a total loss amount. A de-
tailed description thereof will be provided below.

[0316] The method of calculating the loss amount of
the electrode according to the present invention includes
marking a plurality of reference points at predetermined
intervals between a start portion and an end portion of
an electrode transferred in a roll-to-roll state between an
unwinder UW and a rewinder RW, deriving a coordinate
value of the reference point by detecting the reference
point on the electrode by a reference point measurement
device, and calculating a loss amount of the electrode
by comparing the derived coordinate values of the refer-
ence points with set reference point coordinate values
when an interval between the reference points is
changed from a set reference point interval due to a loss
of a part of the electrode.

[0317] As described above, before detecting the refer-
ence points, the plurality of reference points are marked
atpredetermined intervals between the start and end por-
tions of the electrode by the reference point marker 260
(see FIG. 11).

[0318] The reference point measurement device 220
such as a vision camera may detect the reference points
on the electrode, and the coordinate values of the refer-
ence points may be derived by the position measurement
device 230 interworking with, for example, the reference
point measurement device. When there is no loss in the
electrode, the derived coordinate values of the reference
points may be the same as the set reference point coor-
dinate values.

[0319] However, when a length of the electrode be-
comes less than alength ofthe electrode originally wound
around the unwinder UW due to breakage or removal,
the interval between the reference points is changed from
the set reference point interval. With such a change, the
loss amount of the electrode may be calculated by com-
paring the derived coordinate values of the reference
points with the set reference point coordinate values.
[0320] Specifically, when at least one of the interval
between the reference points, an interval between the
reference point and the start portion of the electrode, and
an interval between the reference point and the end por-
tion of the electrode is changed, the loss amount of the
electrode may be calculated by comparing the derived
coordinate values of the reference points and the set ref-
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erence point coordinate values.

[0321] FIG. 12 shows one example of measuring the
loss amount of the electrode according to the present
invention.

[0322] FIG. 12A shows that three reference points M1,
M2, and M3 are marked at an interval of 300 meters on
an electrode in which no loss occurs. A length of the
electrode is 1200 meters, and the rewinder RW and the
unwinder UW are installed at a start portion and an end
portion of the electrode, respectively, and the electrode
is transferred in a roll-to-roll state. For convenience of
description, a side atwhich the electrode is wound around
the rewinder RW is considered as the start portion of the
electrode, the other side at which the electrode is un-
wound from the unwinder UW is considered as the end
portion of the electrode, and the description will be made
on the basis that the electrode proceeds from the un-
winder UW to the rewinder RW.

[0323] FIG. 12B shows a state in which an operator
has removed 100 meters of the electrode in the preceding
process. In this case, a first reference point M1 of the
electrode wound around the rewinder RW is pulled from
300 meters to 200 meters, which is detected by the ref-
erence point measurement device 220, and 200 meters,
which is a coordinate value of the first reference point
M1, is derived by the rotary encoder installed in the re-
winder RW. Since the start portion of the electrode is
reduced by 100 meters, positions of the subsequent sec-
ond and third reference points M2 and M3 are also
changed from 600 meters to 500 meters and from 900
meters to 800 meters, respectively. In FIG. 12, the num-
bers indicated in italics mean the changed coordinate
values of the reference points. This is equally applied to
the following description. In addition, the position of the
end portion of the electrode detected by the unwinder
UW is also changed from 1200 meters to 1100 meters.
[0324] The position measurement device 230 trans-
mits pieces of data on the coordinate values of the ref-
erence points changed as described above to the calcu-
lator 240, and the calculator 240 calculates the loss
amount of the electrode by comparing the set reference
point coordinate values, which are 300, 600, and 900,
with the derived coordinate values of the reference
points, which are 200, 500, and 800. Specifically, in FIG.
12B, since the interval between the start portion of the
electrode and the first reference point M1 is reduced from
300 meters to 200 meters, the loss amount of the elec-
trode may be calculated to be 100 meters. In addition, a
loss occurrence position may also be specified between
the start portion of the electrode and the first reference
point M1. However, since the connection tape is not de-
tected between the start portion of the electrode and the
first reference point M1, it may be estimated that the loss
is not caused by electrode breakage. Of course, in order
to detect the connection tape, the joint detection sensor
250 to be described below is required.

[0325] FIG. 13 shows anotherexample ofthe electrode
loss amount measurement according to the present in-
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vention.

[0326] FIG. 13A shows that an electrode loss of 100
meters has occurred at the end portion of the electrode,
in contrast to FIG. 12B. In this case, a change in the
reference point is not identified in the position measure-
ment device 230R (rotary encoder) installed in the re-
winder RW.

[0327] However, the fact that the position of the end
portion is reduced by 100 meters may be identified by
the rotary encoder 230U at the unwinder UW side, and
thus, the calculator 240 may derive that an interval be-
tween the end portion of the electrode and the third ref-
erence point M3 is reduced to 200 meters. Therefore,
since the position of the third reference point M3 is
changed from the set reference point coordinate values
based on the rotary encoder 230U of the unwinder UW,
the calculator 240 may calculate that the end portion of
the electrode has a 100-meter electrode loss.

[0328] FIG. 13B shows that an electrode loss has oc-
curred in a middle portion rather than the start portion or
the end portion of the electrode. When a 100-meter elec-
trode loss occurs between the first reference point M1
and the second reference point M2 due to, for example,
electrode breakage, the coordinate value of the first ref-
erence point M1 is not changed, but the positions of the
second and third reference points M2 and M3 and the
end portion of the electrode are changed. When the co-
ordinate values of the reference points, which are
changed due to such a change in the reference point,
are derived by the reference point measurement device
220 and the position measurement device 230 interwork-
ing with the reference point measurement device 220,
the calculator 240 may calculate that the loss amount of
the electrode becomes 100 meters between the first ref-
erence point and the second reference point by compar-
ing the changed coordinate values of the reference points
and the set reference point coordinate values.

[0329] Therefore, according to the method of measur-
ing the loss amount of the electrode according to the
present invention, when at least one of the interval be-
tween the reference points, the interval between the ref-
erence point and the start portion of the electrode, and
the interval between the reference point and the end por-
tion of the electrode is changed, the loss amount of the
electrode may be calculated by comparing the derived
coordinate values of the reference points and the set ref-
erence point coordinate values.

[0330] FIG. 14 shows still another example of the elec-
trode loss amount measurement according to the present
invention.

[0331] The present example shows a case in which
the connection tape D is present on the electrode due to
electrode breakage. In this case, the second and third
reference points M2 and M3 respectively changed from
600 meters to 550 meters and from 900 meters to 850
meters are detected by the reference pointmeasurement
device 220 and the position measurement device 230.
Therefore, it is first assumed that there was a 50-meter
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electrode loss between the first reference point M1 and
the second reference point M2.

[0332] In addition, the length of the connection tape D
was detected to be 50 meters by the joint detection sen-
sor 250 and the position measurement device 230. This
means that the electrode broken due to electrode break-
age was cut off and the broken electrodes were connect-
ed with the connection tape D having a length of 50 me-
ters. Therefore, an actual breakage amount of the elec-
trode is obtained by adding the 50 meter length of the
connection tape D to the above 50 meters. That is, when
calculating the coordinate values of the reference points
with the set reference point coordinate values, the cal-
culator 240obtains a total loss amount by adding the
length of the connection tape D to the loss amount, which
is calculated by comparing the coordinate values of the
reference points with the set reference point coordinate
values.

[0333] The calculating of the length of the connection
tape may be performed before or after the deriving of the
coordinate values of the reference points. For example,
when the reference point measurement device 220 is
installed before the joint detection sensor 250, the length
of the connection tape may be calculated after deriving
the coordinate values of the reference points, and when
the joint detection sensor 250 is installed before the ref-
erence point measurement device 220, the calculating
of the length of the connection tape may be performed
first.

[0334] FIG. 15 is a schematic view showing a change
of a reference point by a roll press process.

[0335] As described above, the electrode manufactur-
ing process includes an electrode coating process of
coating a current collector with electrode slurry, a roll
press process of rolling the coated electrode by a press
roll, and a slitting process of cutting the rolled electrode
in a longitudinal direction.

[0336] For example, when undergoing the roll press
process after the reference point is marked in the elec-
trode coating process, the electrode is elongated at a
predetermined rate. A lower drawing of FIG. 15 shows
the elongation of an electrode 210. When the electrode
210 is elongated, the reference points M1, M2, and M2
are also elongated at a predetermined rate. When posi-
tions of the reference points are changed, in the proc-
esses after the rolling, a loss amount of the electrode
needs to be calculated based on the changed reference
points. That s, in the electrode coating process, the loss
amount of the electrode is calculated based on original,
first to third, reference points M1, M2, and M3, but after
the rolling, the loss amount of the electrode must be cal-
culated based on changed, first to third, reference points
M1’, M2’, and M3'. In this case, coordinate values repre-
senting the reference points M1’, M2’, and M3’ changed
by the rolling may be stored in a database, a memory, or
the like as data on set reference point coordinate values
corresponding to the changed reference points. There-
fore, when a loss occurs in the electrode after the roll
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press process, itis possible to determine the loss amount
by making a comparison with the data on the set refer-
ence point coordinate values corresponding to the
changed reference points. The set reference point coor-
dinate values reflecting the result of the rolling process
are preset according to a pressure of the roll press, a
length of the elongated electrode, and the like, and stored
in the database or the like.

[0337] FIG. 16 is a schematic diagram of an apparatus
200’ for measuring a loss amount of an electrode accord-
ing to another embodiment of the present invention.
[0338] The embodiment describes a roll press opera-
tion in which an electrode 210 undergoing an electrode
coating process is wound around an unwinder UW of a
roll press process and transferred to a rewinder RW. In
the embodiment, a press roll R for rolling is provided,
being installed in the midway of the electrode transferred
in a roll-to-roll state, on two opposite major surfaces
thereof. Therefore, the electrode is elongated after being
rolled by the press roll R, and thus reference points on
the electrode are changed. In this case, since positions
of the reference point before and after the press roll R
may be different from each other, a first reference point
measurement device 220A may be disposed before the
press roll, and a second reference point measurement
device 220B for detecting the reference point, which is
changed by the rolling by the press roll R, may be dis-
posed after the press roll.

[0339] Therefore, the calculator 240 may calculate a
loss amount of the electrode before the press roll based
on the coordinate values of the reference points detected
by the first reference point measurement device 220A
and calculate a loss amount of the electrode after the
rolling by the press roll R based on the coordinate values
of the changed reference points detected by the second
reference point measurement device 220B. In the em-
bodiment, since a process of comparing the derived co-
ordinate values of the reference points with the set ref-
erence point coordinate values is the same as that of the
above-described embodiment, except that the coordi-
nate values of the reference points or intervals between
the reference points are changed by rolling, a detailed
description of the calculation of the loss amount of the
electrode will be omitted in the embodiment.

[0340] The embodimentof FIG. 16 shows an example
according to which the reference points are changed
within one process. However, insofar as the electrode
has been rolled by the press roll R and thus the positions
of the reference points have been changed, the method
of measuring the loss amount of the electrode based on
the changed reference points is to be applied to process-
es subsequent to the rolling process. For example, even
when the electrode roll is separated from the rewinder
RW after the rolling process of FIG. 16 and the electrode
roll is wound around the unwinder UW of the slitting proc-
ess, which is a following process and the slitting process
is performed as shown in FIG. 15, the loss amount of the
electrode in the slitting process is to be calculated based
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on the changed reference points. Of course, in the elec-
trode coating process before the process of FIG. 16, the
loss amount of the electrode is calculated based on the
reference points before the rolling.

[0341] As described above, according to the present
invention, the loss amount of the electrode may be au-
tomatically and accurately calculated by the apparatus
for measuring the loss amount of the electrode using the
reference points. Therefore, it is possible to increase the
reliability of the electrode loss data and effectively use
such data information in the following process.

[0342] In addition, according to the present invention,
as will be described below, by displaying the reference
points on the roll map on which the electrode is imitated
and which also displays the information on the loss
amount of the electrode on the roll map, it is possible to
visually and easily identify the data on quality or defects
at a glance in relation to the reference points.

[0343] FIG. 17 shows one example of the roll map of
the electrode manufacturing process according to the
present invention.

[0344] A roll map RM4 according to the present inven-
tion includes a roll map bar 310 displayed on a screen in
synchronization with the movement of an electrode mov-
ing in a roll-to-roll state between an unwinder UW and a
rewinder RW and displayed in a bar shape imitating the
electrode in the roll-to-roll state, and a plurality of refer-
ence points M1, M2, and M3 imitating a plurality of ref-
erence points marked on the electrode at predetermined
intervals and displayed on the roll map bar at predeter-
mined intervals.

[0345] The rollmap according to the presentdisclosure
includes the plurality of reference points M1, M2, and M3
imitating the plurality of reference points marked at pre-
determined intervals between the start and end portions
of the electrode and displayed on the roll map bar at
predetermined intervals. That is, as shown in FIG. 17,
the reference points M1, M2, and M3 imitating the refer-
ence points, which are actually marked on the electrode,
may be displayed on the roll map bar 310 at the prede-
termined scale ratio.

[0346] In this case, the reference points M1, M2, and
M3 may also be expressed by the longitudinal dimension
of the electrode.

[0347] Theloss amount measured according to the ap-
paratus and method for measuring the loss amount of
the electrode using the reference points may also be dis-
played on the roll map RM4 according to the present
invention. That is, position coordinates (position data) in
which the loss amount is reflected and position coordi-
nates in which the loss amount is not reflected may be
displayed on one roll map. Referring to FIG. 17, position
coordinates 320 (longitudinal dimension) in which the
loss amount of the electrode is not reflected are displayed
as absolute coordinates 321. In addition, the position co-
ordinates 320 in which the loss amount of the electrode
is reflected is displayed as relative coordinates 322.
Therefore, referring to the roll map RM4 according to the
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present invention, the electrode loss in the preceding
process or the subject process may be identified at a
glance. In addition, since the coordinates in which the
loss amount of the electrode is reflected and the coordi-
nates in which the loss amount of the electrode is not
reflected are simultaneously displayed, when the follow-
ing process is performed with reference to the roll map
of the preceding process, distortion does not occur in the
coordinates, and thus the following process may be ac-
curately performed at a desired position.

[0348] In addition, the roll map RM4 further includes a
display unit 330 for displaying at least one of pieces of
data on quality, defects, and an electrode loss measured
in the electrode manufacturing process at a predeter-
mined position on the roll map bar 310 corresponding to
a position of the electrode on which the at least one of
pieces of data has been measured. Referring to FIG. 17,
data 331 on quality of the electrode (e.g., data on the
loading amount of the electrode), data 332 on defects
(e.g., defect data such as a pinhole, a line, or the like),
and data 333 on an electrode loss (data on an outermost
discard section) are all displayed on the roll map bar 310.
Therefore, itis possible to identify information on the qual-
ity, defects, and electrode loss of the electrode in the
process at a glance. In practice, in addition to the outer-
most discard section, the electrode portion in which the
defect has occurred and the electrode portion that did
not satisfy a quality standard are removed and the elec-
trode portions left after removal were connected with the
connection tape D or the like, and thus, an electrode loss
also occurs due to these removed parts. In the roll map
RM4, all of these electrode losses are reflected using the
relative coordinates 322. Therefore, by comparing the
relative coordinates 322 and the absolute coordinates
321 of the roll map RM4, a length of the electrode loss
may be identified. In this case, referring to the reference
points M1, M2, and M3 displayed on the roll map, the
loss amount of the electrode may be more easily calcu-
lated.

[0349] For reference, on the screen on which the roll
map RM4 of FIG. 17 is displayed, items related to the
quality, the defect, and the electrode loss are displayed
at a glance. Therefore, referring to these items and the
roll map, visual data related to the items may be easily
identified.

[0350] Meanwhile, the roll map RM4 of FIG. 17 is a roll
map in the electrode coating process, but the roll map
may also be made up respectively for the roll press proc-
ess and the slitting process. In this case, it is possible to
easily identify events or the like occurring in each process
by comparing the roll maps of each process. In addition,
the roll map of the preceding process may be referred
and used when making up a roll map of the following
process. In this case, in the roll map of the process after
the rolling by the press roll, reference points imitating the
positions of the reference points changed by the rolling
need to be displayed on the roll map bar. That is, as
shown in FIGS. 15 and 16, when the positions of the
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reference points are changed by the rolling process, in
the roll map of the roll press process and the subsequent
slitting process, distortion can be prevented from occur-
ring in the position coordinates of the roll map by having
the changed position of the reference point imitated and
displayed on the roll map bar.

[0351] FIG. 18 is a schematic diagram showing an ap-
paratus for making up a roll map according to the present
invention.

[0352] An apparatus 400 for making up a roll map ac-
cording to an embodiment of the present invention in-
cludes a reference point measurement device for in-
specting an electrode 401 moving between an unwinder
UW and a rewinder RW and detecting reference points
marked on the electrode, a position measurement device
for deriving coordinate values of the electrode according
to an amount of rotation of the unwinder or the rewinder
and deriving coordinate values of the reference points,
and a roll map make-up unit for making up a roll map bar
imitating the moving electrode and displaying a loss
amount of the electrode calculated by comparing the de-
rived coordinate values of the reference points and set
reference point coordinate values on the roll map bar.
[0353] For convenience of description, in FIG. 18, a
state in which a current collector is coated with an elec-
trode active material by a coater C in an electrode coating
processto manufacture the electrode and a state in which
the electrode is rolled by a press roll R are displayed
together on one electrode line between the unwinder UW
and the rewinder RW.

[0354] However, as described above, in practice, the
electrode coating is typically performed using its own un-
winder UW and rewinder RW, and at this time, a dedi-
cated reference point measurement device and joint de-
tection sensor are installed and the roll map of the elec-
trode coating process is made up in the corresponding
process. When the electrode coating process is complet-
ed, an electrode roll moves from the rewinder RW of the
electrode coating process to the unwinder UW of the roll
press process.

[0355] However, since FIG. 18 is for comprehensively
describing a process of making up the roll map of the
electrode manufacturing process, unlike the actual proc-
ess, the coater C of the electrode coating and the press
roll R of the roll press process are shown on one and the
same electrode only for convenience of description. That
is, when the coater C is omitted from FIG. 18, it corre-
sponds to a system for making up the roll map of the roll
press process, and when the press roll R is omitted, it
corresponds to a system for making up the roll map of
the electrode coating process. It should be understood
thatin practice the electrode manufacturing process may
not actually proceed as in FIG. 18.

[0356] When the electrode roll is installed in a roll-to-
roll state between the unwinder UW and the rewinder
RW in preparation for the electrode coating process, it is
preferable that an electrode roll information registering
operation of inputting data on specifications including a
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lot number of the electrode roll to a server or a roll map
make-up unit 440 be performed. For example, when the
electrode roll is introduced onto the unwinder UW or in-
stalled between the unwinder UW and the rewinder RW,
the detailed data including the lot number of the electrode
roll may be input to the server or the like. When the in-
formation on the electrode roll is registered, detailed data
on the electrode (roll), such as the lot number, a process,
and equipment may be loaded from the server and dis-
played on the screen together with the roll map bar. In
addition, since specifications on a length and a width of
the electrode roll may be identified from the detailed data
on the electrode roll, a shape and a size of the roll map
bar may be determined, preferably at a predetermined
scale proportional to the length and width of the electrode,
when the roll map bar is made up by the data processing
system such as, for example, an MES. That is, according
to a conversion scale stored inthe MES or like, the shape
and size of the roll map bar corresponding to the length
and width of the electrode roll may be displayed on the
screen.

[0357] Meanwhile, in order to make up the roll map
according to the present invention, data on the electrode
loss in the electrode manufacturing process and data on
the reference points marked on the electrode should be
acquired, and data on the position of the electrode from
which the data is acquired should be present. In addition,
as necessary, data on quality or defects may also be
acquired.

[0358] Such data may be obtained by inspecting the
electrode 10 moving in the electrode manufacturing proc-
ess.

[0359] The electrode 401 is inspected by a predeter-
mined inspection and/or measurement device 410 in-
stalled on an electrode transfer line after coating or after
rolling. For example, inspection and/or measurement de-
vices such as an electrode slurry loading amount meas-
urement device 411, a dimension and width measure-
ment device 412, and an exterior inspection device 413
may be installed on the line. As the electrode slurry load-
ing amount measurementdevice 411, anon-contact type
thickness measurement sensor such as an ultrasonic
sensor, a displacement sensor, a laser sensor, or a con-
focal thickness sensor may be employed.

[0360] As described above, data on the reference
points marked on the electrode may be acquired by the
vision measurement device, and the coordinate values
of the reference points may be detected by the position
measurement device installed at the unwinder UW or the
rewinder RW and transmitted to the roll map make-up
unit440. The calculator 240 related to measuring the loss
amount of the electrode may be the roll map make-up
unit, specifically, the data processing system 440 or one
component of the system. That is, the loss amount of the
electrode may also be measured by the apparatus 400
for making up the roll map of FIG. 18. The acquired data
on electrode loss and data on reference points may be
transmitted from the rotary encoders 420U and 420R,
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namely, position measurement devices, to the roll map
make-up unit 440 either directly or via the inspection
and/or measuring instrument 410. Alternatively, a PLC
for controlling transferring of the electrode between the
unwinder and the rewinder may be connected to the roll
map make-up unit 440, and the PLC may transmit the
data on the loss and the data on the reference points to
the roll map make-up unit 440.

[0361] As described above, when data is acquired by
various measurement devices, these data are transmit-
ted to the roll map make-up unit 440. In this case, al-
though not shown, a server may be applied for data stor-
age. Alternatively, the roll map make-up unit 440 may
have a predetermined storage device to store the data.
[0362] Asshownin FIG. 18, the encoder of the rewind-
er RW is connected to the loading amount measurement
device 411, the dimension and width measurement de-
vice 412, as well as the exterior inspection device, so
that data may be exchanged to acquire information on
the loading amount, the dimension/width, etc., together
with the position data of the electrode portion in the lon-
gitudinal direction, for which a loading amount, dimen-
sion/width, etc. have been measured. As necessary, an
encoder 420U of the unwinder UW may also be connect-
ed to various measurement devices 410.

[0363] Meanwhile, the data on the electrode loss and
the data on the reference points marked on the electrode
may be visualized by a data visualization device 443 in-
stalled in the roll map make-up unit 440 and displayed
by the display unit 450 as part of the roll map, along with
other data on quality or defects .

[0364] As described above, according to the present
invention, by displaying the reference points on the roll
map and displaying the information on the loss amount
ofthe electrode, itis possible to visually and easily identify
the data on quality or defects at a glance in relation to
the reference points.

[0365] Inaddition, since the roll map displaying the ref-
erence points can be referred to, in order to perform qual-
ity, defect control, and following process in each sub-
process of the electrode manufacturing process, itis pos-
sible to accurately perform the following process, defect
removal, or the like.

[0366] When aninspection device catches the factthat
foreign substances are mixed into an active material layer
or acoating defect partis generated in the electrode man-
ufacturing process, conventionally, the defect part on the
electrode may be marked or an operator may attach a
defect tag so that the defect part can be removed in the
current coating process or in the following process.
[0367] However, conventionally, a physical marking
process of directly marking information on quality, de-
fects, or the like on the electrode is applied. Hence, if a
defect occurs in the following process after the electrode
is assembled and becomes the secondary battery, it is
difficult to identify in which section in the electrode man-
ufacturing process a defect has actually occurred which
might have caused the defect in the following process.
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That is, after the physically marked electrode is assem-
bled orlost, itis very difficult to analyze quality correlation
between processes in the electrode manufacturing proc-
ess and the following process.

[0368] Meanwhile, a technology has been proposed to
identify operation history in units of secondary battery by
directly marking the presence of the defect on the sec-
ondary battery with an ink in a secondary battery assem-
bly line after the electrode manufacturing process is com-
pleted.

[0369] However, since the related art relates to mark-
ing after the secondary battery is assembled, histories
of the secondary battery assembly process and the fol-
lowing processes may be identified, but there is a limit in
that history information on defects or the like in the pre-
ceding electrode manufacturing process may not be
identified.

[0370] Therefore, there is a need for providing a tech-
nology capable of displaying history information on qual-
ity or defects which may be made reference to, in per-
forming quality correlation analysis, operation of the sub-
sequent processes, and so forth, in the context of the
relationship between sub-processes within the electrode
manufacturing process and, furthermore, their relation-
ship with the subsequent processes.

[0371] According to another aspect of the present in-
vention, a system 500 for correcting a roll map includes:
a roll map make-up unit 510 for making up a roll map of
a first process, the roll map being expressed in a planar
shape, imitating thereon an electrode moving between a
first unwinder UW1 and a first rewinder RW1 while a first
process is performed, wherein the roll map displays in-
spected and/or measured data of the electrode acquired
during the first process and coordinate values indicating
a position on the electrode in which the inspection/meas-
urement has been carried out; and a roll map corrector
520 for making up a roll map of a second process by
converting coordinates of the roll map of the first process
in a reverse order so that coordinate values of a start
portion and an end portion of the roll map of the first
process are reversed when the electrode moves between
a second unwinder UW2 and a second rewinder RW2
while the second process is performed.

[0372] FIG. 19 is a schematic diagram showing a sys-
tem for correcting a roll map according to another em-
bodiment of the present invention.

[0373] The longitudinal dimension of the electrode 10
may be expressed in coordinates at predetermined in-
tervals on the roll map in a planar shape (roll map bar)
which imitates the electrode 10. The electrode 10 moves
between the first unwinder UW1 and the first rewinder
RW 1 in the roll-to-roll state while the first process is per-
formed. The position, that is, the longitudinal dimension
of the electrode may be acquired from a rotary encoder
for extracting the position of the electrode (encoder val-
ue) from an amount of rotation of a motor for driving the
unwinder UW 1 or the rewinder RW 1. Therefore, the roll
map make-up unit 510 of the first process may display
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the longitudinal dimension of the electrodes 10 as coor-
dinate values at predetermined intervals on the roll map
(see FIG. 20). In addition, the roll map make-up unit 510
makes up the roll map displaying the inspected and/or
measured data of the electrode 10 acquired in the first
process at the coordinate value corresponding to the po-
sition of the electrode 10 for which the inspected and/or
measured data has been acquired. For example, since
the position measurement device 20 and the inspection
and/or measurement device 30 may be interworked, the
inspection and/or measurement device 30 acquires data
of the coordinate values of the electrode for which the
inspected and/or measured data has been acquired, to-
gether with the inspected and/or measured data. Alter-
natively, the controller may match the inspected and/or
measured data with the data of the coordinate values.
The roll map make-up unit 510 makes up the roll map by
marking the data on the roll map.

[0374] The system 500 for correcting the roll map ac-
cording to the present invention converts and corrects
the coordinates of the roll map of the first process to apply
the roll map made up in the first process to the second
process.

[0375] That is, as shown in FIG. 19, the roll map is
made up from the electrode moving between the unwind-
er UW1 and the rewinder RW1 of the first process in a
roll-to-roll state.

[0376] For example, the first process may be an elec-
trode coating process as shown in FIG. 19. The electrode
10 is coated with electrode slurry by a coater C and in-
spected by the inspection and/or measurement device
30, and the electrode roll is wound around the rewinder
RW1 of the first process. In this case, encoder values of
the unwinder UW1 and the rewinder RW1 may be spec-
ified as coordinate values and transmitted to the roll map
make-up unit 510 through the controller 40. The inspect-
ed data acquired by the inspection and/or measurement
device 30 may also be transmitted to the roll map make-
up unit 510 through the controller 40 together with the
data of the coordinate values.

[0377] According to the presentinvention, the roll map
made up by the roll map make-up unit 510 of the first
process is corrected or converted to a roll map that may
be referred to in the second process. The roll map cor-
rector 520 makes up the roll map of the second process
by acquiring the roll map of the first process from the roll
map make-up unit 510 and converting the roll map of the
first process in a reverse order so that the coordinates
of the start portion and the end portion of the roll map are
reversed.

[0378] Such conversion and correction are well shown
in FIG. 20.
[0379] FIG. 20 is a schematic diagram showing one

example of a change in coordinates of the roll map by
the system for correcting the roll map according to the
present invention.

[0380] FIG.20Aistherollmap ofthe firstprocess (elec-
trode coating process). A length of the electrode 1is 1200
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meters, and reference points M1, M2, and M3 are re-
spectively displayed at points of 300, 600, and 900 me-
ters. In addition, an electrode defect section NG (e.g.,
exterior defects) is displayed at points of 400 to 500 me-
ters. However, the roll map of the first process having
these coordinate values may not be directly used in the
second process. This is because a portion in which the
coordinate value is displayed as zero on the roll map of
the first process is the start portion of the first process,
but it is first wound around the rewinder RW of the first
process and positioned inside the electrode roll, and thus
becomes the end portion of the electrode 1 when the
electrode 1 is unwound from the unwinder UW of the
second process. Conversely, the point at 1200 meters,
which is the last portion wound around the rewinder RW
of the first process, is the end portion in the first process,
but becomes the start portion of the electrode 1 when
the electrode 1 is unwound from the unwinder UW of the
second process. When the roll map of the first process
is applied to the second process as it is, the coordinate
values of the reference points and the coordinate values
of the defect section NG do not match the dimension of
the actual electrode. Therefore, as shown in FIG. 20B,
the conversion and correction are performed in a reverse
order so that a coordinate value (0) of the start portion
of the roll map of the first process becomes a coordinate
value (1200) of the end portion thereof, and the coordi-
nate value (1200) of the end portion becomes the coor-
dinate value (0) of the start portion thereof. Therefore,
the coordinate values of the reference points of the roll
map of the first process are also changed from 900 me-
ters to 300 meters for M3 and from 300 meters to 900
meters for M1. In addition, the coordinate values of the
defect sections NG are also converted from 400 to 500
meters to 700 to 800 meters. The roll map of the second
process may be made up by the correction in the reverse
order as shown in FIG. 20B.

[0381] When a part of the end of the electrode is re-
moved after the first process ends and before the second
process starts, the coordinates of the roll map need to
be corrected by reflecting this. Since the end of the elec-
trode often has non-uniform quality, a part of the end of
the electrode is removed after a specific (sub-)process
is completed. This is referred to as "removal after com-
pletion" differently from a case in which the electrode is
removed during the process.

[0382] FIG. 21 is a schematic diagram showing anoth-
er example of the change in coordinates of the roll map
by the system for correcting the roll map according to the
present invention.

[0383] FIG. 21 is a schematic diagram showing anoth-
er example of the change in coordinates of the roll map
by the system 500 for correcting the roll map according
to the present invention and shows the removal after
completion. That is, the end of the electrode is removed
by 50 meters after the first process, which is reflected in
the roll map of the first process. The removal of the end
of the electrode may be done by, for example, an oper-
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ator. The operator may input a length and coordinate
values of the electrode to a predetermined input device,
and the input device may transmit the data to the roll map
make-up unit 510, so that the roll map make-up unit 510
may make up the roll map of the first process as shown
in FIG. 21A.

[0384] Alternatively, when the roll map of the first proc-
ess is in a state shown in FIG. 21A despite the removal
of a part of the end of the electrode, correction of the roll
map as shown in FIG. 21B needs to be performed before
the second process starts. In this case, the coordinate
values of the end part of the electrode, which has been
removed from the roll map of the first process, are also
removed (i.e., coordinates of 1150 to 1200 meters are
removed), and the coordinates are corrected in areverse
order so that coordinate value of the start portion (0 me-
ters) of the roll map of the first process and the end portion
(1150 meters) at which a part of the end of the electrode
has been removed are reversed. In addition, the coordi-
nate values of the reference points and the defect section
NG are also corrected in the reverse order in the same
manner, the result being as shown in FIG. 21B. That is,
in the corrected roll map of the second process, a dis-
tance from the start portion to the reference point M3 is
250 meters, M2 has a coordinate value of 550 meters,
and M1 has a coordinate value of 850 meters. The defect
section NG also becomes 650 to 750 meters.

[0385] According to the presentinvention, the roll map
of the second process may be made up by the roll map
corrector as shown in FIG. 20B or FIG. 21B. Referring
to FIG. 19, the roll map corrector 520 may transmit the
roll map of the second process to a controller 30’ of the
second process to be used for performing the second
process. For example, as will be described below, when
the defect section NG of the first processis to be removed
in the second process, the roll map of the second process
may be used. In FIG. 19, the second process is a roll
press process in which the electrode is rolled by a press
roll R while the electrode 1 moves between the second
unwinder UW2 and the second rewinder RW2 in a roll-
to-roll state. Encoders 20U2 and 20R2 of the second un-
winder UW2 and the rewinder RW2 are respectively
shown. An inspection and/or measurement device 530’
is also shown above the electrode 1. According to the
presentinvention, the roll map of the first process is prop-
erly corrected between the first and second processes,
so that there is no error when the second process is per-
formed.

[0386] FIG. 22 is a schematic diagram showing that a
defect in an electrode coating process is removed in the
following process, i.e., a roll press process.

[0387] In the electrode manufacturing process, there
is a case in which the defect occurring in the preceding
process is removed in the following process. For exam-
ple, as the electrode mounted between the unwinder and
the rewinder of the roll press process proceeds in the
roll-to-roll state, it is rolled by the press roll and wound
around the rewinder. The operator removes and discards
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the electrode of the defect section that occurred in the
preceding process, i.e., the coating process, at a defect
removal port installed before the press roll. At this time,
the operator removes the defect section after checking
a defect section tag TAG attached on the electrode in
the preceding process.

[0388] However, the defect removal operation is actu-
ally very inconvenient because the operator often has to
check the tag in order to check the defect section and at
the time slow down and stop roll press equipment (case
1in FIG. 22).

[0389] In addition, if the operator were at a different
position when the defect section of the electrode arrived
at the defect removal port, the electrode with the defect
tag would be rolled by the press roll (case 2 in FIG. 22).
[0390] In addition, if the defect tag in the preceding
process were lost for some reason, the operator could
not check and remove the defect section (case 3 in FIG.
22).

[0391] Therefore, itis necessary to develop a technol-
ogy capable of easily checking history and information
on the defect section and easily removing the defect sec-
tion of the electrode in the electrode manufacturing proc-
ess.

[0392] FIG. 23 is a schematic diagram showing the
concept of an apparatus for removing a defect of an elec-
trode according to still another embodiment of the
present invention, and FIG. 24 is a schematic diagram
showing the apparatus for removing a defect of an elec-
trode according to the present invention.

[0393] As shown in FIG. 21, for example, assuming a
case in which a tag G is attached to the defect section
NG having occurred in the electrode coating process and
the defect section NG of the electrode 1 is removed in
the roll press process, as shown in FIG. 22, the operator
needs to wait for the tag G of the defect section NG to
arrive at the defect removal port. However, such waiting
itself is a waste of manpower, and when the tag G is lost,
it may happen that the operator cannot find the corre-
sponding defect section NG. According to the present
invention, in the second process using information on the
roll map of the preceding process (e.g., the electrode
coating process), the electrode 1 stops or slows down or
an alarm is issued as the defect section NG arrives at
the defect removal port, so that the operator does not
miss the defect section NG. FIG. 23 is a conceptual di-
agram showing a situation in which such a roll map of
the preceding process is used to remove defects.
[0394] FIG. 24 is a schematic diagram showing the ap-
paratus for removing a defect of an electrode according
to the present invention in more detail.

[0395] An apparatus 600 according to the present em-
bodiment is an apparatus for removing, in the second
process, a defect of an electrode, which has been subject
to a first process while moving between a first unwinder
UW1 and a first rewinder RW1. The apparatus 600 in-
cludes a defect removal port 610, positioned between a
second unwinder UW2 and a second rewinder RW2, be-
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ing configured to remove a defect section NG of the elec-
trode having occurred in the first process. The apparatus
further includes a second process controller 640 for con-
trolling the electrode movement between the second un-
winder UW2 and the second rewinder RW2. The second
process controller 640 is configured to calculate a time
point at which the electrode 1 having the defect section
NG arrives atthe defect removal port 610 from the second
unwinder UW2 based on information on coordinates of
the defect section NG displayed on the roll map of the
first process and stop the movement of the electrode in
the second process, so that the defect section NG of the
electrode 1 may be removed at the defect removal port
610.

[0396] As shown in FIG. 24, the defect removal port
610 is positioned at a predetermined position between
the unwinder UW2 and the rewinder RW2 of the second
process (the second unwinder UW2 and the second re-
winder RW2). In the roll press process shown in FIG. 24,
the defect removal port 610 is usually provided at a po-
sition between the unwinder UW2 and the press roll R.
The defect removal port 610 may be a kind of worktable
on which an operator removes and discards the defect
section NG of the electrode 1. Furthermore, a waste box
to which the removed electrode part is discarded and/or
a winder for winding the removed electrode part, or the
like may be provided at the defect removal port 610.
[0397] In addition, the apparatus 600 for removing the
defect of the electrode includes the second process con-
troller 640 (e.g., a PLC) for controlling the movement of
the electrode between the second unwinder UW2 and
the second rewinder RW2. The second process control-
ler 640 calculates a time point at which the electrode 1
having the defect section NG arrives at the defect remov-
al port 610 based on the roll map of the first process.
Since a longitudinal dimension of the electrode 1 and a
position of the defect section NG are expressed as co-
ordinate values on the roll map of the first process, the
time point at which the electrode 1 having the defect sec-
tion NG from the second unwinder UW2 arrives at the
defect removal port 610 is calculated based on the infor-
mation on the coordinates of the defect section NG dis-
played on the roll map of the first process. That is, the
controller 640 may calculate the time point at which the
defect section NG arrives at the defect removal port 610
because it knows a distance between a start portion of
the electrode and the defect section NG and knows ro-
tating speeds of the unwinder UW2 and the rewinder
RW?2 (i.e., a transfer speed of the electrode). Herein, the
calculation being done based on the information on the
coordinates of the defect section NG displayed on the
roll map of the first process does not necessarily mean
that the coordinates are used as they are. Rather, as will
be described below, coordinates may be obtained and
applied by performing a predetermined correction/con-
version to the information on the coordinates of the defect
section NG displayed on the roll map of the first process.
That is, as described above with reference to FIGS. 20
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and 21, the coordinate values of the rollmaps being trans-
ferred in the roll-to-roll state have a reverse order rela-
tionship in the preceding process and the following proc-
ess. Therefore, according to the present invention, in or-
der to calculate the arrival time point of the defect section
NG, the coordinate value of the roll map of the first proc-
ess needs to be converted and corrected in a reverse
order so that coordinate values of the start portion and
the end portion of the roll map of the first process are
reversed. To this end, the apparatus 600 for removing
the defect of the electrode according to the present in-
vention may further include a roll map corrector 650 for
performing the correction. Besides, the second process
controller 640 may stop the movement of the electrode
based on the coordinates of the defect section NG dis-
played on the corrected roll map. As shown in FIG. 20,
the roll map corrector 650 may specify the coordinate
value of the defect section NG by correcting the coordi-
nate value of the roll map of the first processin the reverse
order based on the information on the coordinates of the
defect section NG displayed on the roll map of the first
process. Therefore, the second process controller 640
may calculate the time point at which the defect section
NG displayed in the first process arrives at the defect
removal port, based on the corrected coordinate value
of the defect section NG and stop the movement of the
electrode in the second process when the defect section
NG arrives at the defect removal port 610. That is, the
operations of the second unwinder UW2 and the second
rewinder RW2 may be stopped.

[0398] Meanwhile, when a part of the end of the elec-
trode is removed after the first process and before the
second process, as shown in FIG. 21, the roll map cor-
rector 650 may remove a coordinate value corresponding
to the removed part of the end of the electrode from the
roll map of the first process and convert and correct the
coordinate values of the roll map of the first process in
the reverse order so that the start portion and the end
portion of the remaining roll map are reversed. The sec-
ond process controller 640 may stop the movement of
the electrode based on the coordinate value of the defect
section NG displayed on the corrected roll map.

[0399] The first process is performed before the sec-
ond process, while the electrode moves in the roll-to-roll
state between the first unwinder UW1 and the first re-
winder RW1. The data of the coordinate values is gen-
erated and reflected in a roll map by the roll map make-
up unit 40. As described above, the roll map make-up
unit 40 may be a data processing system, such as an
MES or an SPC, or one component of the system. The
roll map made up by the roll map make-up unit 40 may
be stored in a roll map storage 80, such as a server or a
database. When stored, identification information, such
as a lot number of the corresponding electrode, may be
stored together. Therefore, for example, when the iden-
tification information on the electrode 1 is scanned and
acquired in the unwinder UW2 of the second process,
the second process controller 640 may download the roll
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map of the electrode 1 corresponding to the identification
information from the roll map storage 80. The roll map of
the electrode corresponding to the identification informa-
tion is corrected by the roll map corrector 650 and trans-
mitted to the controller 640, and the controller 640 stops
the electrode 1 having the defect section NG at the defect
removal port 610. In the second process, the second un-
winder UW2 and the second rewinder RW2 may be in-
stalled to perform the roll press process, and a predeter-
mined inspection and/or measurement device 630 may
also be installed above the electrode. The inspection
and/or measurement device 630 may be, for example,
aninspection device for measuring a thickness of an elec-
trode or a vision inspection device for recognizing the
generation of wrinkles.

[0400] In addition, the second process controller 640
may control the electrode of the second process to slowly
move for a predetermined time section before the defect
section NG arrives at the defect removal port 610 until it
actually arrives. The second process controller 640 con-
trols the electrode to slowly move to give the operator a
time to remove a defect at the defect removal port 610.
Alternatively, when the electrode 1 slowly moves in the
second process, the operator may recognize that the de-
fect section NG will soon arrive at the defect removal port
610 and move to the defect removal port. The predeter-
mined time section or its starting time may be appropri-
ately determined in consideration of the distance be-
tween the second unwinder UW2 and the defect removal
port or the like.

[0401] In addition, the apparatus 600 for removing the
defect of the electrode according to the presentinvention
may further include an alarm unit 660 for issuing an alarm
in at least one of a case in which the defect section NG
arrives at the defect removal port 610, a case in which
the electrode 1 stops in the second process, and a case
in which a predetermined time has elapsed since the
electrode stopped in the second process, or the like. As
necessary, an alarm may be issued at a time point the
electrode 1 starts to slowly move. If the alarm is issued
as the defect section NG arrives at the defect removal
port or the electrode stops, the operator may remove the
defect section NG.

[0402] In this case, even if the defect tag G is lost, the
operator may remove the defect section NG with refer-
ence to the roll map of the first process (accurately, the
roll map of the first process whose coordinates have been
corrected). Since a length of the defect section NG is
expressed as a coordinate value on the roll map, the
defect section NG may be removed with reference to the
coordinate value. Alternatively, the alarm may be issued
when the defectremoval operation is not performed even
after a predetermined time has elapsed after the move-
ment of the electrode was stopped. In this case, the op-
erator may hear the alarm and move to the defectremoval
port 610 to remove the defect section. An alarm operation
of the alarm unit 660 may be controlled by the second
process controller 640.
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[0403] As described above, according to the present
invention, by correcting the coordinates of the roll map
of the preceding process, it is possible to use the roll map
ofthe preceding process without any error in the following
process. In addition, it is possible to reliably and easily
remove in the following process the defect that has oc-
curred in the preceding process by using the roll map
information and the roll map coordinates correction.
[0404] When atab is formed in a notching process, the
form of a secondary battery is made through an assembly
process of interposing a separator between a positive
electrode and a negative electrode to form an electrode
assembly, stacking or folding the electrode assembly to
package the same in a pouch, a can, or the like and in-
jecting an electrolyte. Thereafter, the assembled second-
ary battery undergoes an activation process of imparting
battery characteristics by charging and discharging the
secondary battery, thereby becoming a final product.
[0405] FIG. 25 shows a state of the electrode perform-
ing such an electrode manufacturing process.

[0406] A coated electrode 1is manufactured by having
the current collector coated with the active material in the
coater C to form a coating part 1a. Reference points may
be marked on a non-coating part 1b not coated with the
active material. Both top and bottom surfaces of the elec-
trode 1 are typically coated with the active material. The
coated electrode 1 is pressed by a press rollin aroll press
process and is cut in the longitudinal direction of the elec-
trode 1 by a slitter in a slitting process.

[0407] Thereafter, in a notching process, an electrode
tab 2 is formed by punching the electrode 1 by a press
or the like. In the notching process, either the electrode
is cut into unit electrodes for forming a battery cell or an
electrode tab 2 is formed for each unit electrode to be
cut in the following process. A width of the unit electrode
corresponds to a pitch P processed by the press.
[0408] Such an electrode manufacturing process is
performed through a series of roll-to-roll processes, ac-
cording to which the electrode unwound from the unwind-
er moves and is wound around the rewinder, and such
processes are sequentially repeated. That is, the elec-
trode is coated while moving from the unwinder to the
rewinder of the coating process, and an electrode roll of
the coating process is completed by winding the elec-
trode around the rewinder. Next, the electrode roll is
mounted on the unwinder of the roll press process and
moved to the rewinder of the roll press process. The elec-
trode roll is wound around the rewinder of the roll press
process and completed as the electrode roll of the roll
press process. Thereafter, the electrode roll moves again
in the roll-to-roll state, from the unwinder of the following
process (e.g., a secondary roll press process, a slitting
process, or a notching process) to be wound around the
rewinder of the process, thereby being completed as an
electrode roll of the following process. As described
above, the electrode manufacturing process is config-
ured as the series of roll-to-roll processes, according to
which, the electrode unwound from the unwinder moves
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and is wound around the rewinder (roll-to-roll process),
and such processes are sequentially and repeatedly per-
formed.

[0409] The roll map may include a visual expression
in the form of a bar imitating the progress of the electrode
manufacture, and alongitudinal position and a transverse
position of the electrode are expressed in coordinates on
the roll map. Since the information on defects, quality,
electrode breakage, and the like occurring in the elec-
trode manufacturing process is displayed on the roll map
together with the coordinate values, the data on quality
or defects in the electrode manufacturing process may
be visually and easily identified at a glance.

[0410] Referring to FIG. 5, the exterior defect informa-
tion, such as the pinhole defect f1 and the line defect 2,
is visually displayed at the coordinates at which the defect
has been detected. In addition, the mismatched part f3
of the coating part and the non-coating part is also dis-
played. Otherloading amount defect and the like are also
displayed, and the discarded outermost portion of the
electrode is also displayed.

[0411] In addition, the reference points M1, M2, and
M3 marked on the electrode 1 may be displayed at pre-
determined intervals. When the electrode 1 is broken and
the electrodes 1 are connected by the joint connection
member, the length of the electrode is reduced by the
length of the broken electrode. As described above, a
point at which the exterior defect has occurred is also
removed, and the operator may connect the cut electrode
pieces. The coordinate values on the roll map may be
corrected by reflecting such occurrences. FIG. 5 shows
on one roll map bar both coordinates, namely, coordi-
nates in which the removed electrode part is not reflected
and coordinates in which the removed electrode part is
reflected. The former is referred to as "absolute coordi-
nates A," and the latter is referred to as "relative coordi-
nates B." As shown in FIG. 5, the relative coordinates B
and the absolute coordinates A may be displayed togeth-
er on one roll bar but may also be displayed separately.
A roll map bar displayed with the relative coordinates B
represents a state of the actual electrode.

[0412] Such aroll map may be made up for respective
processes described above. However, in the roll-to-roll
process, since the electrode wound in the preceding
process is to be unwound in the following process, the
start portion and the end portion of the electrode are re-
versed by undergoing roll-to-roll processes. For exam-
ple, the end portion of the roll map representing the elec-
trode roll in the preceding process may become the start
portion of the roll map representing the electrode roll in
the subsequent process. In addition, in the case of a dou-
ble-sided electrode with both surfaces of the electrode
coated with an active material, the surfaces of the elec-
trode may be reversed, such that a top surface of the
electrodein the preceding process may become a bottom
surface of the electrode in the following process. Thatis,
the start/end reversal and the surface reversal of the elec-
trode may occur according to the winding direction of the
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electrode in the preceding process and the unwinding
direction of the electrode in the subsequent process, if a
roll map in a respective process is made up based on
the reversed electrode, the coordinates on the roll map
made up in this respective process is also supposed to
be reversed. Furthermore, the length of the electrode is
subject to changes, e.g., due to cutting of the electrode
in the longitudinal direction for removal of a defect or
broken section and connecting of the cut electrode piec-
es, throughout a series of roll-to-roll processes. Since roll
maps in respective processes reflect such a reversal and
a change in length, each of the roll maps may have dif-
ferent coordinate values.

[0413] In the final process (e.g., the notching process)
of the electrode manufacturing process, only the elec-
trode parts that do not contain the electrode parts re-
moved in the preceding processes (a survival electrode)
are left. Since a battery is manufactured with the survival
electrode, when a problem occurs in a finished or semi-
finished battery, it is possible to track the cause of the
problem with reference to the roll map of the final elec-
trode. In addition, itis possible to track back the electrode
part which has caused the problem, by making reference
to the above-described roll maps of respective process-
es. As described above, the roll map is a useful tool for
tracking quality as well as identifying quality and defects.
[0414] However, as described above, since the start
and end portions and/or the surfaces of the electrode
may be reversed and the length of the electrode may be
changed throughout the series of roll-to-roll processes,
the coordinates of the roll maps of respective processes
may not match each other. Therefore, even if a roll map
were made up for each process, it might be difficult to
track the cause of the problem through a comparison with
the roll map of the final survival electrode.

[0415] Inorderto solve the above problems, an aspect
of the present invention is further directed to the system
for making up the roll map capable of easily identifying
the data on quality or defects of the survival electrodes
leftin the final process by matching the coordinate values
of the roll maps of respective processes with the coordi-
nate value of the final process in the series of roll-to-roll
processes.

[0416] FIG. 26 is a schematic diagram of one embod-
iment of the system for making up the roll map according
to the present invention, FIG. 27 is a schematic diagram
showing one example of the apparatus for making up the
rollmap and therollmap in the electrode coating process,
FIG. 28 is a schematic diagram showing a principle in
which inspected data and coordinate values of the cor-
responding inspected data are acquired by the inspection
device, and FIG. 29 is a schematic diagram showing one
example of the roll map make-up unit.

[0417] As described above, a system 1000 for making
up a roll map according to the present invention is a sys-
tem for making up a roll map in the series of roll-to-roll
processes, according to which the electrode 1 unwound
from the unwinder UW moves and is wound around the
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rewinder RW, and such a process is sequentially and
repeatedly performed. FIG. 26 shows an example of the
coating process, the roll press (R/P) process, and the
notching process as the series of roll-to-roll processes.
The roll press process may be performed once or several
times, as necessary. In addition, a slitting process of cut-
ting the electrode 1 in the longitudinal direction may be
intervened after the roll press process. Therefore, the
series of roll-to-roll processes according to the present
invention is not limited to the example of FIG. 26 and may
include more or fewer roll-to-roll processes or other roll-
to-roll processes depending on the type of the electrode
1 or manufacturing equipment therefor.

[0418] The system 1000 for making up the roll map
according to the present invention includes: a roll map
make-up unit 1100 for making a roll map for a respective
process, capable of defining a coordinate planar surface
having two coordinate axes including longitudinal and
transversal axes of the electrode 1 and displaying posi-
tions of the electrodes 1 in each process by coordinate
values of the coordinate planar surface; and a roll map
matching unit 1200 for matching the coordinate values
of the roll map of each process with a coordinate value
of the roll map of the final process so that an actual elec-
trode represented by the roll map of the final process can
be matched with each actual electrode represented by
the roll maps of other processes before the final process.
[0419] The roll map includes a visual expression dis-
played in a bar shape imitating the electrode 1 moving
between the unwinder UW and the rewinder RW in the
roll-to-roll state. Therefore, a length and a width of the
roll map may correspond to a length and a width of the
actual electrode by a predetermined ratio. That is, the
roll map may be understood as a coordinate planar sur-
face having two coordinate axes including the longitudi-
nal and transversal axes of the electrode 1. In addition,
the position of the electrode 1 may be expressed as co-
ordinate value(s) of the coordinate planar surface. There-
fore, for example, when a defect occurs at a specific po-
sition of the electrode 1, a position of the defect may be
expressed as a specific coordinate value on the roll map
as shown in FIG. 5. In FIG. 5, longitudinal coordinate
values are displayed on the lower portion of the roll map.
In FIG. 5, for simplicity of illustration, transversal coordi-
nate values are not expressed on the roll map. However,
exterior defects such as the pinhole defect f1 and the line
defect f2 are visually displayed at the position of the cor-
responding defects in the longitudinal and transversal
coordinates. As described above, the roll map may clear-
ly display defects and the like at positions on the coordi-
nate planar surface represented by two coordinate axes
(longitudinal and axial coordinates).

[0420] Such a roll map may be made up for each sub-
process in the roll-to-roll processes. FIG. 26 shows an
apparatus 1100 for making up a roll map of a coating
process, an apparatus 1120 for making up a roll map of
a roll press process, and an apparatus 1130 for making
up a roll map of a notching process. Hereinafter, the ap-
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paratus for making up the roll map according to the
present invention, comprising the apparatuses 1110,
1120, and 1130 for making up the roll map of respective
process may be referred to by the reference sign 1110
for simplicity reasons.

[0421] FIG. 27 shows one example of the apparatus
1110 for making up the roll map of the electrode coating
process.

[0422] The apparatus 1110 for making up the roll map
includes the position measurement device 20, the in-
spection and/ormeasurementdevice 10, and the rollmap
make-up unit 40.

[0423] In the roll-to-roll processes, the electrode 1 is
mounted between the unwinder UW and the rewinder
RW. In the roll-to-roll processes, the electrode 1 is un-
wound from the unwinder UW, and the active material is
coated by the coater C. After coating, reference points
are marked by a maker MM on the non-coating part 1b
of the electrode 1 at predetermined intervals. When the
length of the electrode is changed by breakage, defect
removal, or the like, the changed length of the electrode
may be identified by a change in the interval between the
reference points M. Since the electrode 1 is moved by
the rotations of the unwinder UW and the rewinder RW,
the longitudinal position on the electrode 1 may be spec-
ified according to the amount of rotation of the unwinder
UW or the rewinder RW. The position measurement de-
vice 20 may acquire the longitudinal position of the elec-
trode 1 as a coordinate value of the longitudinal axis of
the electrode. For example, in the electrode 1 with a
length of 1200 meters, when a coordinate value acquired
by the position measurement device 20 is zero, this in-
dicates the start portion of the electrode 1, and when a
coordinate value of 1200 meters is acquired, this means
the end portion of the electrode 1. As the position meas-
urement device 20, the rotary encoders 20U and 20R
installed at the unwinder UW and the rewinder RW may
be used. Generally, the rotary encoders 20U and 20R
are installed at a motor driving unit for driving the unwind-
er UW and the rewinder RW to detect an electrode move-
ment distance according to the number of rotations
(amount of the rotation) of a motor. Therefore, when the
electrode 1 moves between the unwinder UW and the
rewinder RW, the movement distance may be detected
by the rotary encoders 20U and 20R. Although FIG. 27
shows that the encoder 20U of the unwinder and the en-
coder 20R of the rewinder are respectively disposed out-
side the unwinder UW and the rewinder RW for conven-
ience of description, the encoders are respectively em-
bedded in the unwinder UW and the rewinder RW. How-
ever, the roll map may be made up after the electrode 1
is completely wound around the rewinder RW and an
electrode winding roll is completed, that is, after all co-
ordinate data along the length of the electrode and all
inspected and/or measured data are acquired. There-
fore, it is preferable to use the rotary encoder 20R in-
stalled at the rewinder RW as the position measurement
device 20 for making up the roll map. In the present dis-
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closure, making up the roll map and matching the roll
map will be described according to the coordinate values
acquired based on the rewinder.

[0424] The apparatus 1110 for making up the roll map
also includes a predetermined inspection and/or meas-
urement device 10 for measuring the quality or defects
of the electrode 1, provided adjacent to an electrode
movement line.

[0425] The inspection and/or measurement device 10
may acquire the inspected and/or measured data by in-
specting the electrode 1 and may be connected to the
position measurement device 20 by wire or wirelessly to
acquire, together with the inspected and/or measured
data, a coordinate value of the longitudinal axis of an
electrode part for which inspected and/or measured data
has been acquired. The inspected and/or measured data
may include data on quality or defects of the electrode 1
and data on the positions of the above-described refer-
ence points.

[0426] The inspected and/or measured data may be
one or more of the following items:

i) data on at least one of a dimension and a width of
the electrode;

ii) data on mismatch between an electrode coating
part and an electrode non-coating part;

iii) data on a slurry loading amount on the electrode;
iv) data on an exterior of the electrode;

v) data on a position of an electrode disconnection
section, a connection position between the elec-
trodes, or a joint on the electrode;

vi) data on a position of a sample inspection unit;
vii) data on a position of an electrode discard section;

viii) data on insulation quality or defects in an insu-
lating material coating process performed after elec-
trode slurry coating;

ix) other defect data;

x) data on reference points marked on the electrode
at predetermined intervals; and

xi) data on a thickness of the electrode after a roll
press.

[0427] Theinspection and/ormeasurementdevices 10
installed in each process may be different. Therefore, the
inspected and/or measured data inspected in each proc-
ess may be different depending on the processing per-
formed in each process.

[0428] FIG. 27 shows the loading amount measure-
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mentdevice 11, the reference point measurementdevice
12, and the exterior inspection device 23 as the inspec-
tion and/or measurement device 10.

[0429] In the coating process, the coating amount at
the time of slurry coating, that is, the loading amount is
important. Therefore, in the coating process, the slurry
loading amount is measured by the loading amount
measurement device 11. When the loading amount is
out of a set range, it is determined as a defect, and the
defect may be visually displayed on the roll map to be
distinct from other parts by a visualization device, to be
described below. Alternatively, even when the loading
amountisin a normal range thatis not a defect, the range
may be divided according to the amount and visually dis-
played in different colors. In this sense, the inspected
and/or measured data according to the present invention
is not limited to the defect but collectively includes data
on quality. In FIG. 27, the loading amount is displayed
on the roll map by varying a contrast from a dark color
to a bright color. That is, the darkest color indicates an
overloading amount, the next darker color indicates a
normal loading amount, and the brightest color indicates
an underloading amount. However, this is only one ex-
ample of the visual expression of the loading amount,
and the loading amount may be displayed by various
methods, such as color, saturation, and contrast.
[0430] In addition, there is a case in which reference
points are marked on the electrode 1 at predetermined
intervals and used for calculating a length of a broken
electrode or the like. The reference point measurement
device 12 for detecting the positions of the reference
points M may also be provided as the inspection and/or
measurement device 10.

[0431] Meanwhile, whenthe electrode is broken during
the process and connected by the joint connection mem-
ber (connection tape), the joint measurement device for
detecting the joint may also be provided as one of the
inspection and/or measurement devices 10.

[0432] In addition, the dimension and width measure-
ment device for measuring the dimensions and widths of
the coating part and the non-coating part may also be
provided as the inspection and/or measurement device
10. The dimension and width measurement device may
also determine that the dimension and the width out of
set ranges are defect data or divide the data in a normal
range according to the ranges of the dimension and the
width to display each of the divided data by a different
visual image. Data on the mismatch between the coating
part and the non-coating part on the electrode 1 or the
like may also be acquired by the dimension and width
measurement device.

[0433] Inaddition, the electrode exterior inspection de-
vice 13 may also be provided to obtain data on the exterior
of the electrode including exterior defects of the elec-
trode, such as a pinhole defect and a line defect.
[0434] The above-described inspection devices are il-
lustrative of those mainly used in the electrode coating
process, and when the process is different, for example,
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in the roll press process, an inspection device for obtain-
ing data on the thickness of the electrode after rolled by
the press roll may be employed instead of the above-
described loading amount inspection device.

[0435] The inspection and/or measurement device 10
is not limited to the devices described above, and when
there are other measurement parameters capable of be-
ing obtained from the electrode 1, other inspection and/or
measurement devices 10 capable ofinspecting such oth-
er measurement parameters may also be applied to the
apparatus 1100 for making up the roll map according to
the present invention. In addition, the inspection and/or
measurement devices 10 are not necessarily provided
separately, and a plurality of inspected and/or measured
data may be acquired by one inspection and/or meas-
urement device 10, and in this case, it is possible to re-
duce the number of necessary inspection and/or meas-
urement devices 10. Alternatively, a same type ofinspec-
tion and/or measurement device 10 may be provided in
plurality, depending on the required purposes. That is,
since a color sensor as the joint measurement device
inspects an exterior, the color sensor may also be re-
garded as an exterior inspection device 13. In addition,
the vision measurement device may be regarded as the
dimension and width measurement device because it
may measure mismatch but may also be regarded as the
reference point measurementdevice because it may also
detect the reference points using the vision sensor in-
cluded in the corresponding measurement device.
[0436] The electrode inspection and/or measurement
devices 10 may transmit the coordinate value (position
data) of the electrode part for which the corresponding
inspected and/or measured data has been acquired to-
gether with the inspected and/or measured data to the
roll map make-up unit 40 to be described below through
the controller 30 for controlling the current roll-to-roll
transfer process or directly in conjunction with the posi-
tion measurement device 20. The roll map make-up unit
40 may visually display the inspected and/or measured
data and the coordinate values on the roll map of the
coating process.

[0437] FIG. 28 is a schematic diagram showing a prin-
ciple for acquiring inspected data by an inspection device
and coordinate values of the corresponding inspected
data.

[0438] InFIGS. 27 and 28, when the inspection and/or
measurement device inspects the electrode 1 and ac-
quires the inspected data, the position of the electrode
part corresponding thereto is detected by the position
measurement device 20 of the rewinder RW. At that time
point, however, the electrode part from which the inspect-
ed data has been acquired has not yet arrived at the
rewinder RW. In the embodiment, since the coordinates
of the roll map are based on the rewinder RW - in other
words, obtained by the encoder 20R provided at the re-
winder RW, a longitudinal coordinate value of an elec-
trode part is that of the electrode part that actually arrives
at and is detected by the rewinder RW. Therefore, the
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longitudinal coordinate value of the electrode part for
which the inspected data has been acquired is to be ob-
tained by adding the encoder value (longitudinal coordi-
nate value) of the rewinder RW at the time of acquiring
the data and a distance (offset distance) from the rewind-
er RW to a corresponding inspection device. For exam-
ple, a longitudinal coordinate value of an electrode part
whose loading amount has been detected by the loading
amount measurement device 11 is to be obtained by add-
ing the encoder value (coordinate value) A of the rewinder
RW at the time of detection and an offset distance L1
between the loading amount measurement device 11
and the rewinder RW. In the same way, a longitudinal
coordinate value of an electrode part b which has been
inspected by the reference point measurement device
12 is obtained by adding an encoder value B of the re-
winder RW atthe time of inspection and an offset distance
L2 between the reference point measurement device 12
and the rewinder RW. In addition, a longitudinal coordi-
nate value of an electrode part c is obtained by adding
an encoder value C of the rewinder RW at the time of
inspection by the exterior inspection device 13 and an
offset distance L3 between the exterior inspection device
13 and the rewinder RW.

[0439] Meanwhile, a transversal coordinate value of
the electrode part for which the inspected and/or meas-
ured data has been acquired may be acquired by the
inspection and/or measurement device.

[0440] For example, the inspection and/or measure-
ment device 10 such as the exterior inspection device
shown in FIG. 27 may include a program capable of scan-
ning and inspecting the exterior of the electrode 1 in the
width direction of the entire electrode 1. Alternatively, the
inspection device itself may be movably installed in the
width direction of the electrode. Alternatively, a plurality
of inspection devices may be installed in the width direc-
tion of the electrode. Therefore, the inspection and/or
measurement device 10 may acquire data on quality or
defects (e.g.,loading amount data or exterior defect data)
for multiple point of the electrode in the width direction,
and the transversal position data (coordinate values) for
which the data has been acquired may also be acquired
by the inspection and/or measurement device 10.
[0441] Therefore, each inspection and/or measure-
ment device 10 may acquire all of the inspected and/or
measured data (e.g., the data on quality or defects), the
longitudinal and transversal coordinate values of the
electrode 1 forwhich the inspected and/or measured data
has been acquired and transmit all data to the roll map
make-up unit 40 to be described below.

[0442] FIG. 29 is a schematic diagram showing one
example of the roll map make-up unit 40.

[0443] The apparatus 1110 for making up the roll map
includes the roll map make-up unit 40 for making up the
roll map in conjunction with the position measurement
device 20 and the inspection and/or measurement device
10. The roll map make-up unit40 may include a database
41 for storing the data acquired fromthe inspection and/or
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measurement device 10 and the position measurement
device 20 or storing data on the quality, dimensions, and
the like of the normal electrode. In addition, the roll map
make-up unit 40 may include a central processing unit
42 for processing the acquired data and instructing the
visualization device 43 provided in the roll map make-up
unit 40 to visualize the data.

[0444] The roll map make-up unit 40 includes the vis-
ualization device 43 capable of defining a visualization
region in which the coordinate planar surface of the roll
map imitating the electrode 1 is to be set and displaying
on the defined region coordinate values of the longitudi-
nal and the transversal axes of the electrode and the
inspected data. The visualization device 43 may visualize
and display the inspected and/or measured data on the
corresponding coordinate values of the inspected and/or
measured data. The visualization device 43 may be con-
nected to the central processing unit 42 to visualize and
display the inspected and/or measured data and the data
of the coordinate values according to instructions from
the central processing unit.

[0445] Referringto FIG. 29, the visualization device 43
includes the acquisition data input unit 43a, the roll map
coordinate identifier 43b, and the image generator 43c.
[0446] The acquisition data input unit 43a receives da-
ta from the database 41 or the central processing unit
connected to the database 41.

[0447] The roll map coordinate identifier 43b may de-
fine the visualization region in which the roll map is to be
formed and coordinate values of pixels are to be defined
for each data element of the acquired source data. In this
case, when data on specifications, such as a lot number,
a length, and a width of the electrode roll, is input to the
controller 30, a server (not shown), or the like by regis-
tering information on the electrode roll, the roll map co-
ordinate identifier 43b may calculate and determine the
visualization region of the roll map using the data on the
size of the electrode 1, according to a predetermined
conversion scale. Alternatively, the roll map coordinate
identifier 43b may also calculate and determine the vis-
ualization region of the roll map according to a predeter-
mined conversion scale, using the above-described lon-
gitudinal and transversal data of the coordinate values
of the electrode 1.

[0448] The roll map coordinate identifier 43b may map
the acquired data on quality or defects with the (longitu-
dinal and transversal) position data of the electrode 1
and allocate the mapped data on the visualization region
(roll map) according to the coordinates of the pixels.
[0449] The image generator 43c may express the
mapped data elements allocated to coordinates of re-
spective pixels in the visualization region using one or
more symbols that may form a legend. The symbol refers
to various shapes, such as a circle, a quadrangle, and a
triangle, displayed in the visualization region, the shapes
to which colors are provided, or the like. Therefore, the
roll map according to the present invention may be made
up by the image generator 43¢ which visually displays
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and implements in the visualization region various data
on quality or defects at the coordinates of the pixels (co-
ordinates on the roll map) corresponding to respective
position data of the actual electrode 1 by using designat-
ed shapes, forms, or colors for respective data.

[0450] In addition, based on the data stored in a stor-
age such as the database 41, data corresponding to a
specific range may be loaded from the storage in con-
junction with the specific range of the roll map and dis-
played (generated as animage) on a screen. At this time,
the central processing unit 42 may instruct the visualiza-
tion device 43 to visualize and display inspected data to
be distinct from other data, if determined abnormal in
comparison to normal data stored in the database 41.
[0451] Setting the size of the visualization region or
identifying the coordinates of the visualization region to
generate images may be performed by various conven-
tional user interfaces or various programs or processing
tools related to data allocation-processing-analysis and
visualization. Therefore, the roll map make-up unit 40 is
only one example and is not limited to the above-de-
scribed embodiment.

[0452] The roll map make-up unit 40 may be, for ex-
ample, a data processing system, such as an MES, or
one component of the corresponding data processing
system. The data processing system is a system (includ-
ing hardware or software) for performing input, process-
ing, output, communication, and the like, in order to per-
form a series of operations on data. In the electrode 1
manufacturing process, an electrode MES, an assembly
MES, and the like for managing a series of electrode
manufacturing processes such as coating, pressing, and
slitting is provided. Therefore, when the above-described
data of the coordinate values, inspected data, and the
like are transmitted to the MES, the above-described roll
map may be made up by the MES.

[0453] The apparatus 1110 for making up the roll map
may further include the controller (PLC) 30 for controlling
the electrode movement between the unwinder UW and
the rewinder RW.

[0454] The controller 30 may transmit the inspected
and/or measured data and the coordinate values of the
electrode part for which the inspected and/or measured
data has been acquired to the roll map make-up unit 40
in conjunction with the position measurement device 20
and the inspection and/or measurement device 10. In
this case, the controller 30 may match the coordinate
values with the inspected and/or measured data or proc-
ess the inspected data and the coordinate data such that
they may be easily processed by the roll map make-up
unit 40. Since the PLC 30 is connected to the inspection
and/or measurement device 10, the encoder, or the like
to control the roll-to-roll transfer of the electrode, the in-
spection and/or measurement device 10, the encoder,
or the like may more efficiently transmit the data through
the controller 30 than directly transmitting the data to the
data processing system such as the MES in terms of data
processing and management.
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[0455] In addition, the controller 30 of each roll-to-roll
process stores information on the winding direction of
the electrode in the rewinder RW and the unwinding di-
rection of the electrode in the unwinder UW. That is, in-
formation on whether the winding direction of the elec-
trode is a forward direction (clockwise) or a reverse di-
rection (counterclockwise) and whether the unwinding
direction of the electrode is a forward direction or a re-
verse direction is automatically stored in the controller
30 for controlling the corresponding roll-to-roll process.
Aswill be described below, in the preceding and following
processes, the start and end portions of the electrode
may be reversed, or the top and bottom surfaces of the
electrode 1 be reversed according to the winding direc-
tion and the unwinding direction of the electrode. There-
fore, by transmitting such information to the roll map
matching unit 1200 to be described below, the roll map
matching unit 1200 may match the roll maps of respective
processes by reflecting the coordinate values thereof.
[0456] The roll map make-up unit 40 makes up the roll
map with the above-described data. FIG. 27 shows an
example of such a roll map.

[0457] An absolute coordinate roll map R1 of the coat-
ing process is shown at an uppermost end of FIG. 27,
and arelative coordinate rollmap r1 is shown thereunder.
The absolute coordinate roll map R1 is a roll map that
displays in a coordinate space coordinate values of sur-
vival electrode which do not include removed electrode
parts, as well as coordinate values of electrode parts that
have been removed in a respective process and/or in
between processes, . The relative coordinate roll map r1
is a roll map that displays only the coordinate values of
the survival electrode, excluding the removed electrode
parts in the coordinate space.

[0458] Since the relative coordinate roll map r1 repre-
sents the survival electrodes that have survived after fin-
ishing the relevant process, the relative coordinate roll
map r1 is a roll map representing the actual electrode
after the corresponding process.

[0459] FIG. 27 shows a roll map of an electrode with
a total length of 1200 meters. Reference points M are
marked at points of 300, 600, and 900 meters, which are
25%, 50%, and 75% points of the electrode, and each of
the reference points M is displayed on the roll map of the
corresponding coordinate value based on the data de-
tected by the reference point measurement device 12.
In addition, the loading amount is also displayed by var-
ying a contrast throughout the corresponding coordinate
section. However, a section v displayed in white without
contrast is a section not inspected by the loading amount
measurement device 21. When the electrode moves in
the roll-to-roll state, the section in which the inspection
device may not acquire data may occur due to various
causes, such as fluctuation of the electrode, sensitivity
of the inspection device, problems in data communica-
tion, and the like.

[0460] Meanwhile, coordinates of right ends of the roll
maps R1 and r1 have coordinate values of zero as start
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portions and coordinates of left ends thereof have coor-
dinate values of 1200 meters as end portions. The wind-
ing of the rewinder RW starts at the start portion, and an
encoder value (coordinate value) of the rewinder RW at
this time is zero. When the winding is ended, the encoder
value of the rewinder becomes 1200. However, when the
electrode 1 was wound by 1100 meters, the end portion
of the electrode was actually cut off by 100 meters. As
described above, cutting off an electrode part after the
electrode roll is completed is referred to as "removal after
completion.” Since the start and end portions of the elec-
trode often have non-uniform quality, the electrode 1 is
often cut off before the unwinding starts or at the time
point at which the winding ends. In this regard, there is
a case in which the defect section or the like is also cut
off and the electrode pieces 1 are connected within the
process being performed, which is referred to as "remov-
alin the process." The roll map also displays information
on a change in length of the electrode. Such a change
in length of the electrode may be identified by detecting
(inspecting) a change in interval between the reference
points M. The absolute coordinate roll map R1 also dis-
plays the electrode with the length of 100 meters removed
after completion, but the relative coordinate roll map r1
displays only the remaining electrode (survival electrode)
excluding the removed electrode part. In the relative co-
ordinate roll map, the end portion of the electrode is in-
dicated by 1100 meters.

[0461] In addition, the defect section NG is also dis-
played on the rollmap in FIG. 27. In the electrode coating
process, a section between 800 meters and 1000 meters
is determined as a defect section NG by the visual in-
spection device 13 or by a visual inspection by an oper-
ator, and a defect tag or the like may be attached to the
defect section NG. The defect section NG may be de-
tected by the inspection device detecting such a defect
tag or the like and coordinates thereof may be displayed
on the roll map.

[0462] In order to provide a reference for comparison
when roll maps are matched and an overlay roll map is
made up - to be described below, a specific position at
650 meters on the roll map is indicated by a star. The
star may also be an exterior defect point and may be a
reference pointindicating a specific characteristic related
to quality. The coordinate value of the longitudinal axis
of the point indicated by the star is 650 meters. With the
width of the electrode is 60 cm, the coordinate value of
the transversal axis of the star point is set at 40 cm (0.4
m) from the lower end of the electrode. As described
above, the coordinate value of the star point may be ac-
quired by an inspection device capable of detecting the
corresponding star point.

[0463] As shown in FIG. 29, the apparatus 1100 for
making up the roll map displays the made-up roll map by
the display unit 1300 so that data on quality or defects
may be visually and easily identified at a glance.

[0464] InFIG. 27, the inspection and/or measurement
device 10 may be positioned on the top surface of the
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electrode, and a roll map of the top surface of the elec-
trode may be made up using the inspection and/or meas-
urement device 10. However, a roll map of the bottom
surface ofthe electrode may also be made up by installing
the inspection and/or measurement devices on the bot-
tom surface of the electrode. Alternatively, depending on
the layout of the plantequipment, the respective rollmaps
of the top and bottom surfaces of the electrode may be
separately made up by running the electrode under the
inspection and/or measurement device with the top sur-
face facing upward, and then running the electrode under
the same inspection and/or measurement device again
with the back surface facing upward, after reversing the
electrode by a guide roll or the like.

[0465] FIG. 30 is a schematic diagram showing one
example of a roll map showing the top and bottom sur-
faces of the electrode.

[0466] An upper part of FIG. 30 shows an input status
of a raw material displayed in comparison with the roll
map. That s, in the upper drawing, c indicates a current
collector, and portion 1a indicates a coating part coated
on top and bottom surfaces of the current collector. A
lower part of FIG. 30 shows a roll map of the top surface
T and the bottom surface B of the electrode. As shown,
even for the same electrode, the top and bottom surfaces
of the electrode have different loading amounts and ex-
terior defects. Therefore, in the electrode coating proc-
ess, the roll map needs to be made up for both the top
and the bottom surfaces.

[0467] FIG. 31 is a schematic diagram showing an
electrode reversal aspect according to a winding direc-
tion in the preceding process and an unwinding direction
in the following process.

[0468] As shown in FIG. 31, the winding direction of
the electrode in the rewinder RW of the preceding proc-
ess is divided into an upper winding direction (forward
direction: clockwise) and a lower winding direction (re-
verse direction: counterclockwise). As described above,
the electrode winding rolls wound in two different direc-
tions may be respectively unwound in an upper unwind-
ing direction (forward direction: clockwise) and a lower
unwinding direction (reverse direction: counterclock-
wise).

[0469] According to the winding direction of the elec-
trode in the rewinder RW of the preceding process and
the unwinding direction of the electrode in the unwinder
UW of the following process, an electrode path is divided
into a total of four types.

[0470] First, whenthe winding direction of the rewinder
in the preceding process is the upper winding direction
and the unwinding direction of the unwinder in the follow-
ing process is the upper unwinding direction, a start por-
tion S and an end portion E of the electrode in the pre-
ceding process are reversed. When the start and end
portions of the electrode are reversed, it means that the
coordinate axes constituting the coordinate planar sur-
face of the roll map move symmetrically.

[0471] FIG. 32 shows the reversal of the coordinate
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axes of the roll map between the preceding and following
processes in one drawing. An upper part of the roll map
in FIG. 32 displays the coordinate axes (X axis and Y
axis) and coordinate values in the preceding process. In
the preceding process, the electrode moves from the un-
winder UW to the rewinder and is wound around the re-
winder RW. In this case, coordinate values of triangular
points were measured as having coordinates of the lon-
gitudinal axis (X axis) being 700 meters and coordinates
of the transversal axis being 2 meters from the lower end
of the electrode (assuming that the width of the electrode
was 3 meters). When the electrode roll is completely
wound around the rewinder RW of the preceding process
and the electrode roll is mounted on the rewinder RW of
the following process, a point of 1200 meters, i.e., the
end portion of the electrode roll in the preceding process,
becomes 0 meters, i.e., the start portion of the electrode
roll in the following process. That is, due to the charac-
teristics of the electrode roll, the start and the end portions
of the electrode roll in the preceding process and the
following process are reversed. Describing the reversal
based on the coordinate planar surfaces of the preceding
process and the following process, it can be seen that
the longitudinal axis (X axis) of the preceding process
moves symmetrically with respect to the transversal axis
(Y axis) to become a longitudinal axis (X' axis) of the
following process, and the transverse axis (Y axis) of the
preceding process moves symmetrically with respect to
the longitudinal axis (X axis) to become a transverse axis
(Y’ axis) of the following process. Therefore, the coordi-
nate values (700 meters and 2 meters) of the triangular
points in the preceding process are also reversed to (500
meters and 1 meter) in the following process.

[0472] The start/end reversal occurs in all of the four
afore-mentioned types of the electrode paths.

[0473] In the first case in FIG. 31, the electrode path
of the upper winding direction in the preceding process
and the upper unwinding direction in the following proc-
ess, a black point moves between the preceding and fol-
lowing processes, which means that the electrode in the
preceding process has been reversed in the longitudinal
and width directions in the following process. That is, the
start/end reversal of the electrode occurred. In this case,
the top and bottom surfaces of the electrode 1 are not
reversed.

[0474] Second, when the winding direction of the re-
winder in the preceding process is the upper winding di-
rection (winding clockwise) and the unwinding direction
of the unwinder UW in the following process is the lower
unwinding direction (unwinding counterclockwise), the
start/end reversal of the electrode 1 and the top/bottom
reversal of the electrode 1 occur at the same time. For
example, the electrode 1 moving in the state in which the
top surface faces upward in the coating process is turned
over and moves in a state in which the bottom surface
faces upward in the roll press process. Therefore, these
points should be considered when matching the roll map
to be described below.
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[0475] Third, when the winding direction of the rewind-
erin the preceding process is the lower winding direction
(winding counterclockwise) and the unwinding direction
of the unwinder in the following process is the upper un-
winding direction (unwinding clockwise), the start/end re-
versal of the electrode 1 and the top/bottom reversal of
the electrode 1 occur at the same time as in the second
case.

[0476] Fourth, when the winding direction of the re-
winder in the preceding process is the lower winding di-
rection and the unwinding direction of the unwinder in
the following process is the lower unwinding direction,
only the start/end reversal of the electrode 1 occurs.
[0477] FIG. 33 is a schematic diagram showing one
example of the apparatus 1120 for making up the roll
map of the roll press process and the roll map thereof.
[0478] Asinthe above-described coating process, the
position measurement device 20, the inspection and/or
measurement device 10, and the roll map make-up unit
40 are also provided in the roll press process.

[0479] Since the roll press process is a process of roll-
ing the coated electrode 1 in the coating process by the
press roll R, a thickness of the electrode after rolling is
important. Therefore, in the roll press process, the thick-
ness measurement device 14 is provided instead of the
loading amount measurement device. In addition, the roll
press process is the same as the coating process in that
the reference point measurement device 12 and the ex-
teriorinspection device 13 are provided. As the thickness
measurement device 14, a predetermined displacement
sensor, a confocal thickness sensor, or the like may be
employed.

[0480] The roll map make-up unit 40 of the roll press
process also forms the coordinate planar surface of the
roll map in conjunction with the position measurement
device 20 and the inspection and/or measurementdevice
10. An upper part of FIG. 33 shows a roll map including
two roll map bars R2 and r2 of the roll press process.
The roll map is visually displayed by varying hatching
according to the thickness of the electrode. This roll map
may also include portions v in which the inspected and/or
measured data is not reflected.

[0481] The roll map bar at an uppermost end of FIG.
33 is the absolute coordinate roll map R2, and the roll
map bar thereunder is the relative coordinate roll map r2.
[0482] Since the end portion of the electrode was re-
moved by 100 meters at the end of the coating process
or after the coating process was completed, the coordi-
nate value of the end portion of the absolute coordinate
roll map R2 of the roll press process is also 1100 meters.
In addition, since the start and end portions of the elec-
trode roll of the coating process and the roll press process
are reversed, the coordinates of the roll map of the roll
press process are also reversed. Therefore, the coordi-
nate value of the reference point M of the coating process
and the coordinate value of the reference point M of the
roll press process are also changed. In addition, the co-
ordinates of the star point are also changed from (650,
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0.4) to (450, 0.2) according to the start/end reversal. In
the roll press process, a section between 800 to 1000
meters marked as the defect section NG in the preceding
coating process is reversed to become a section between
100 to 300 meters. The defect section is removed from
atable tof a defect section processing port and discarded
to the defect removal port P (scrap port).

[0483] The removal of the defect section NG may be
reported to the controller 30 and the roll map make-up
unit 40 by the input device 60. Since the section between
100 to 300 meters with defects is removed, the reference
point in the defect section, the point M at 200 meters is
also removed.

[0484] In the relative coordinate roll map r2 in FIG. 33,
only coordinates of the survival electrode left after the
defect section has been removed are displayed.

[0485] In the roll press process as well, a roll map may
be made up respectively for the top and bottom surfaces
of the electrode 1.

[0486] Asdescribed above, when the winding direction
of the rewinder of the coating process is the upper wind-
ing direction and the unwinding direction of the unwinder
of the roll press process is the lower unwinding direction,
the top surface of the electrode in the coating process is
reversed to the bottom surface of the electrode in the roll
press process. In addition, when the winding direction of
the rewinder of the coating process is the lower winding
direction and the unwinding direction of the unwinder of
the roll press process is the upper unwinding direction,
the top surface of the electrode in the coating process is
reversed to the bottom surface of the electrode in the roll
press process. Such areversal is to be stored in the con-
troller 30 of the coating process and the controller 30 of
the roll press process, and the roll map make-up unit 40
and the roll map matching unit 1200 may make up the
roll maps of each process with reference to such infor-
mation and match the roll maps of respective processes,
as will be described below.

[0487] FIG. 34 is a schematic diagram showing a roll
map, according to which an electrode part is removed
after the roll press process is completed. To be specific,
the end portion of the electrode is removed by 50 meters
after the roll press process. Such a removal of the elec-
trode part is well illustrated on the absolute coordinate
roll map r2 and a relative coordinate roll map r2’.
[0488] FIG. 35 is a schematic diagram showing one
example of the apparatus 1130 for making up the roll
map of the notching process and the roll map thereof.
[0489] In the notching process, an electrode tab is
formed by punching the electrode moving in the roll-to-
roll state using a punching tool BM. In addition, the ref-
erence point measurement device 12 may be provided
to check a change in length of the electrode before and
after the notching, or during the notching process.
[0490] An upper part of FIG. 35 shows one example
of the roll map of the notching process. In the notching
process after the roll press process, the start/end reversal
of the electrode 1 occurs. Therefore, the coordinates of
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the star are reverted from (450, 0.2) to (600, 0.4). In ad-
dition, the end portion of the electrode is removed by 100
meters after notching. The coordinates of the removed
electrode part are displayed on an absolute coordinate
roll map R3 of the notching process, but only the coordi-
nates of the roll map of the remaining survival electrode
are displayed on a relative coordinate roll map r3.
Through the coating process, the roll press process, and
the notching process, a part of the electrode is removed
a total of four times. Therefore, it can be seen that the
electrode with alength of 1200 meters finally has alength
of 750 meters.

[0491] Meanwhile, in the notching process, unlike the
coating process or the roll press process, it is not neces-
sary to separately make up the roll map of the top and
bottom surfaces of the electrode. In the notching process,
only punching is performed without performing a treat-
ment on the top or bottom surface of the electrode. There-
fore, only the reference point measurement device relat-
ed to the change in length is installed without installing
a complicated inspection and/or measurement device
displaying the state of the electrode. That is, the proper-
ties of the top and bottom surfaces of the electrode may
be sufficiently identified by the roll maps of the coating
process and the roll press process, and in the notching
process, the properties of the top and bottom surfaces
are not particularly changed by notching. Therefore, in
the notching process, it is sufficient to make up a roll map
of a single planar surface displaying only the coordinate
values on the coordinate planar surface, regardless of
the top and bottom surfaces of the electrode.

[0492] As described above, the system 1000 for mak-
ing the roll map according to the present invention in-
cludes the apparatus 1100 for making up the roll maps
for respective processes. Referring back to FIG. 26, the
coating process, the roll press process, and the notching
process include the apparatuses 1110, 1120, and 1130
formaking up the roll map, respectively. The apparatuses
1110, 1120, and 1130 for making up the roll map of the
respective process are to be considered as constituting,
in combination, the apparatus 1100 for making up the roll
map according to the presentinvention. For convenience
of description, FIG. 26 shows that the roll map make-up
units 40 of respective processes are provided separately.
However, as described above, the roll map make-up unit
40 may be the MES or one component of the MES, and
one integrated system may make up all roll maps for all
processes. In FIG. 26, an overall single roll map make-
up unit 40 that may be an integration of the respective
roll map make-up units is shown in a large quadrangle
box.

[0493] As described above, between the roll press
process and the notching process, there may be provided
another roll-to-roll process, such as a second roll press
process or a slitting process. Therefore, in the series of
roll-to-roll processes, the start/end reversal and surface
reversal of the electrode roll may occur more frequently.
The roll map make-up unit 40 may make up roll maps for
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respective processes by reflecting all pieces of such re-
versal information.

[0494] The system 1000 for making up the roll map
according to the present invention includes the roll map
matching unit 1200 for matching the coordinate values
of the roll maps of respective processes with the coordi-
nate value of the roll map of the final process, so that the
actual electrode represented by the roll map of the final
process in the series of roll-to-roll processes can be
matched with each actual electrode represented by the
roll map of respective process prior to the final process.
[0495] As described above with reference to FIGS. 26
to 35, when the roll-to-roll process continues to be per-
formed, the start/end reversal of the electrode roll be-
tween the preceding process and the following process
necessarily occurs, and the surface reversal of the elec-
trode roll may also occur according to the winding direc-
tioninthe preceding process and in the following process.
In addition, since the electrode part is removed in each
process, the lengths of the roll maps and the coordinate
values in respective processes are also to be changed.
Therefore, since the coordinate values of the roll maps
of respective processes are changed, itis difficult to com-
pare these roll maps based on the same criterion. In any
case, of importance is the electrode part that survives
after the final process and is manufactured as an actual
battery. When a problem occurs in the battery manufac-
tured with the survival electrode, it is necessary to retro-
actively investigate with which electrode part in which
sub-process of the electrode manufacturing process the
battery has been manufactured. However, as described
above, the roll maps of respective processes have dif-
ferent coordinate values, making it difficult to track the
quality of a specific position within the electrode.

[0496] According to the presentinvention, the roll map
matching unit 1200 is provided to compare the roll maps
of respective processes based on the same criterion or
with the same coordinate values. The roll map matching
unit 1200 matches the roll maps of respective processes
so that the actual electrode represented by the roll map
of the final process among the series of roll-to-roll proc-
esses matches each actual electrode represented by the
roll map of each process before the final process. That
is, the roll maps are matched so that the actual electrode
(survival electrode) of the final process corresponds to
the actual electrode of each process before the final proc-
ess. From this point of view, the roll map matching unit
1200 matches the actual electrodes of each process and
the final process with the roll maps corresponding there-
to. The matching of the roll maps is performed by match-
ing the coordinate values of the roll maps of respective
processes with the coordinate value of the roll map of
the final process.

[0497] FIGS. 36 to 38 are schematic diagrams showing
a roll map matching process according to the present
invention.

[0498] FIG. 36 shows the absolute coordinate roll map
R1 and the relative coordinate roll map r1 of the coating
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process, the absolute coordinate roll map R2 and the
relative coordinate roll map r2 of the roll press process,
and the absolute coordinate roll map R3 and the relative
coordinate roll map r3 of the notching process sequen-
tially from the top. The roll maps are made up by the
respective roll map make-up units 1100 in FIGS. 27, 33,
and 35.

[0499] As described above, the relative coordinate roll
map represents the actual electrodes in each process
notincluding the electrode parts removed during the cor-
responding process or in between processes. Therefore,
the roll map matching operation of the roll map matching
unit 1200 is to match the coordinate values of the relative
coordinate roll maps of each process before the final
process with the coordinate value of the relative coordi-
nate roll map of the final process.

[0500] Referring to FIG. 26, the roll map matching unit
1200 may include a roll map length matching unit 1210,
a coordinate axis matching unit 1220, and a top and bot-
tom surface matching unit 1230.

[0501] In the series of roll-to-roll processes, parts of
the actual electrodes may be removed before or after
each process or during respective processes forreasons,
such as defects or non-uniform quality. Therefore, the
coordinate value of the roll map of the final process and
the coordinate values of the roll maps of respective proc-
esses may not match. What'’s important is that the coor-
dinate values of the roll maps of respective processes
must match the coordinate value of the roll map of the
final process, so that the actual electrode (survival elec-
trode) represented by the roll map of the final process
matches the actual electrodes represented by the roll
maps of respective processes. When the length of the
electrode is not changed between the start and final proc-
esses of the roll-to-roll processes, the roll map length
matching is not required. However, due to the character-
istics of the mass production process, the start and end
portions of the electrode often have non-uniform quality,
and a test production part or the like before mass pro-
duction is often removed. Therefore, in practice, the
length of the electrode is inevitably changed between the
start and final processes for various reasons. In consid-
eration of this, the roll map matching unit 1200 includes
the roll map length matching unit 1210 according to the
change in length of the electrode.

[0502] Forthe purpose of the roll map length matching,
it is necessary to remove all coordinate sections corre-
sponding to the actual electrode parts removed in the
series of roll-to-roll processes from the roll map of the
respective processes. In addition, by correcting the co-
ordinate values of the remaining coordinate sections to
correspond to the coordinate value of the roll map of the
final process, the lengths of the roll maps of each process
may get to match the length of the roll map of the final
process.

[0503] In addition, considering the winding direction of
the electrode in the rewinder RW of the preceding proc-
ess and the unwinding direction of the electrode in the
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unwinder UW of the following process, if a start direction
of a coordinate axis of a roll map of a specific process
before the final process is opposite to a start direction of
the coordinate axis of the roll map of the final process,
the roll map matching unit 1200 matches the start direc-
tion of the coordinate axis of the roll map of the specific
process with the start direction of the coordinate axis of
the roll map of the final process. To this end, the roll map
matching unit 200 may include the coordinate axis match-
ing unit 1220 for matching coordinate axes.

[0504] As described above, due to the characteristics
of the roll-to-roll processes, the start/end reversal in
which the start and end portions are reversed inevitably
occurs in the roll map of the preceding process and the
roll map of the following process. Since the coordinate
axis matching is to match the (start) direction of the co-
ordinate axis of the roll map with that of the final process,
it is sufficient to match only the start direction of the co-
ordinate axis of the roll map of the specific process, which
is opposite to the start direction of the coordinate axis of
the roll map of the final process. The roll map of the proc-
ess, whose direction of the coordinate axis of the roll map
coincides with that of the final process does not need to
be subject to such a coordinate axis matching operation.
[0505] Referring to FIG. 36, there are a total of four
electrode part removal operations in the entire roll-to-roll
process as follows:

® Removal of the end portion by 100 meters when
the coating process is ended;

(2) Removal of the defect section by 200 meters dur-
ing the roll press process;

(3) Removal of the end portion by 50 meters after
the roll press process; and

(4) Removal of the end portion by 100 meters after
the notching process is ended.

[0506] The relative coordinate roll map r3 of the notch-
ing process, which is the final process, has a total length
of 750 meters due to the four-time removal of the elec-
trode parts. In addition, the star point marked on the elec-
trode for comparison purpose has a longitudinal coordi-
nate value of 600 meter and a transversal coordinate
value of 40 cm (0.4 m).

[0507] In order to match the length of the roll map of
the final process, all coordinate sections of the electrode
parts removed over four times throughout the entire roll-
to-roll process are removed from the relative coordinate
roll maps of respective processes, as shown in FIG. 37.
In this case, portions indicated by dotted boxes in FIG.
37 become portions of the roll map represented by the
finally surviving actual electrode.

[0508] In this case, since the start direction of the co-
ordinate axis of the roll map of the coating process is the
same as the start direction of the coordinate axis of the
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roll map of the notching process, the coordinate axis
matching is not required. However, since the start direc-
tion of the coordinate axis of the roll map of the roll press
process is reversed and different from the start directions
of the coordinate axes of the roll maps of the coating
process and the notching process, the coordinate axis
matching operation is required.

[0509] InFIGS. 36 and 37, upper ends of the absolute
coordinate roll map R2 and the relative coordinate roll
map r2 of the roll press process displays coordinate val-
ues before the coordinate axis matching. These coordi-
nate values coincide with the coordinate values of the
roll maps shown in FIG. 33. When these coordinate val-
ues are reversed (corrected) like the values at the lower
end of the same roll maps, the coordinate values become
the same as the start direction of the coordinate axis of
the roll map of the notching process. According to the
matching of the coordinate axes of the roll maps, the
coordinate values of the reference points, the coordinate
value of the defect section, and the coordinate values of
the star points of the absolute coordinate roll map and
the relative coordinate roll map of the roll press process
are all changed. Specifically, both the longitudinal axis
and the transversal axis of the roll map of the roll press
process getto match the directions of the coordinate axes
of the notching process. In FIGS. 36 and 37, symbols
indicated by R2-1 and r2-1 indicate that the coordinate
axes of the absolute coordinate roll map R2 and the rel-
ative coordinate roll map r2 of the roll press process are
reversed. Thatis, R2-1 indicates the absolute coordinate
roll map of the roll press process in which the coordinate
axes are reversed, and r2-1 indicates the relative coor-
dinate roll map of the roll press process in which the co-
ordinate axes are reversed.

[0510] In FIG. 37, the roll-to-roll processes consist of
an odd number of processes (three times), and the di-
rections of the coordinate axes of the roll maps of the
first process (coating process) and the final process
(notching process) correspond. Therefore, the coordi-
nate axes of the roll map of the second (even numbered)
process (roll press process), in which the directions of
the coordinate axes have been reversed, are correct-
ed/reversed to match the coordinate axes of the rollmaps
of the final process. However, when the entire roll-to-roll
process consist of an even number of processes, coor-
dinate axes of roll maps of an odd-numbered process,
such as the first process, need to be corrected/reversed
to match coordinate axes of the roll maps of the even-
numbered, final process.

[0511] Asdescribed above, the coordinate axis match-
ing is to be performed relatively based on the final proc-
ess.

[0512] FIG. 38 shows a roll map finally matched by the
roll map matching operation. From the roll maps of the
coating process and the roll press process, the coordi-
nate sections corresponding to the removed electrode
section are removed, and the directions of the coordinate
axes of the roll map are also corrected/reversed to match



101

the direction of the coordinate axis of the roll map of the
notching process. Therefore, the coordinate values of
the roll map of the final, notching process exactly matches
with the coordinate values of the roll maps of the preced-
ing, coating and roll press processes. The coordinate val-
ues of the longitudinal and transversal axes of the star
points are also matched in all the three roll maps as 600
meters and 0.4 meters.

[0513] As described above, the roll map in which the
coordinate values of the roll maps of respective process-
es are matched to that of the survival electrode of the
final process and then so-matched respective roll maps
are arranged side by side to be viewed at once is referred
to as an "overlay roll map." The roll map matching unit
1200 according to the present invention enables making
up of the overlay roll map. When the overlay roll map is
displayed by the display unit 1300, the quality history or
manufacturing history of the final survival electrode may
be identified at a glance.

[0514] Referring to FIG. 38, it can be seen from the
(overlay) roll map of the roll press process that the battery
manufactured with the unit electrode positioned at the
star point is derived from the unit electrode having the
rolled thickness indicated by a specific hatching in the
roll press process (e.g., the rolled thickness in a normal
range). In addition, it can be seen from the roll map of
the coating process that the battery manufactured with
the unit electrode positioned at the star point is derived
from the unit electrode having an excessive loading
amount coated more than the normal range in the coating
process. For example, if ignition occurs in a battery man-
ufactured with the unit electrode positioned at the star
point, it may be determined that there is a problem with
the corresponding unit electrode from the manufacturing
history of the coating process. Alternatively, the star point
may also relate to any exterior or other defect. That is, if
a problem occurs in the electrode part positioned at the
star point due to an exterior defect, to the effect that this
part is removed, it is possible to identify in a simple way
by referring to the overlay roll map from which electrode
part in the electrode manufacturing process the portion
corresponding to the exterior defect has been derived.
[0515] As described above, according to the present
invention, by making up the roll maps of respective proc-
esses and matching them by the roll map matching unit
1200, it is possible to easily identify data on quality or
defects of the survival electrode survivingin the final proc-
ess.

[0516] In addition, it is possible to easily identify the
inspection history in the electrode manufacturing process
using the matched roll map (overlay roll map).

[0517] In addition, according to the present invention,
even if the start and end portions of the electrode roll are
reversed or the length of the electrode is changed during
the series of roll-to-roll processes, by making up the over-
lay roll map through the above-described roll map length
matching and coordinate axis matching, it is possible to
intuitively and quickly track a problem with the quality of
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the electrode.

[0518] Meanwhile, when the top surface of the elec-
trode in the preceding process is reversed to the bottom
surface of the electrode in the following process accord-
ing to the winding direction of the electrode in the rewind-
er RW of the preceding process and the unwinding di-
rection of the electrode in the unwinder UW of the follow-
ing process, the matching unit 1200 may match the roll
maps by reflecting such a surface reversal.

[0519] As shown in FIG. 31, the top and the bottom
surfaces of the electrode may be reversed between the
preceding and following processes according to the wind-
ing and unwinding directions of the electrode in the pre-
ceding and following processes.

[0520] In this case, information on the electrode sur-
face reversal is stored in the roll map matching unit 1200.
For example, the controller 30 of each process retains
information on the winding and unwinding directions of
the electrode because it controls the electrode movement
and the winding and unwinding of the electrode. The roll
map matching unit 1200 may receive the information on
the surface reversal from the controllers and store the
information in the top and bottom surface matching unit
1230.

[0521] The top and bottom surface matching unit 1230
of the roll map matching unit 1200 matches the roll map
of the top surface of the electrode in the preceding proc-
ess with the rollmap of the bottom surface of the electrode
in the following process according to the information.
[0522] FIGS. 39 to 41 show an example of making up
an overlay roll map by the surface matching.

[0523] Referring to FIG. 39, the electrode is wound
around the rewinder RW of the coating process in the
upper winding direction and unwound in the lower un-
winding direction in the roll press process. That is, the
top surface of the electrode in the coating process is re-
versed to the bottom surface of the electrode in the roll
press process. The top and bottom surface matching unit
1230 receives and records the information on the surface
reversal from the controllers 30. For example, a control
logic value when the surface reversal (top/bottom revers-
al) does not occur between the preceding and following
processes may be set to zero, and a control logic value
when the surface reversal occurs may be set to 1.
[0524] In addition, the electrode is wound around the
rewinder RW of the roll press process in the lower winding
direction, and unwound from the unwinder W of the notch-
ing process in the upper unwinding direction. In this case,
the surface reversal of the electrode occurs again, and
in this case, the control logic value is set again to 1 by
the top and bottom surface matching unit 1230. However,
since the roll map of the notching process is made up as
only a roll map of a single planar surface regardless of
the surface of the electrode, there is not a big problem
even when the reversal information is not reflected at the
time of making up the overlay roll map when there occurs
the surface reversal between the roll press process and
the notching process. Referring to FIG. 39, itcan be seen
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that the start/end reversal has also occurred between the
coating process and the roll press process and between
the roll press process and the notching process.

[0525] FIGS. 40 and 41 show one example of the
above-described overlay roll map in which the roll map
length matching and the coordinate axis matching are
performed by reflecting the change in length of the elec-
trode and the change in coordinate axes.

[0526] FIG. 40 shows an overlay roll map when the
surface reversal does not occur between the coating
process and the roll press process, and FIG. 41 shows
an overlay roll map when the surface reversal occurs.
[0527] Referring to FIG. 40, since no surface reversal
has occurred, a roll map | of the top surface T of the
electrode in the coating process corresponds to a roll
map |l of the top surface T of the electrode in the roll
press process.

[0528] In this case, a control logic value is set to 0 in
the top and bottom surface matching unit 1230. That is,
the roll map | of the top surface of the electrode, which
is indicated by T, in the coating process corresponds to
the roll map 1l of the top surface of the electrode, which
is indicated by T, in the roll press process. In this case,
since the overlay roll map of the top surfaces of the elec-
trodes from the coating process to the notching process
consists of I, lll, and V, it is possible to identify quality
and product histories between the processes. Likewise,
the overlay roll map of the bottom surfaces B of the elec-
trodes consists of Il, IV, and V.

[0529] Referring to FIG. 41, since surface reversals
have occurred, the roll map | of the top surface T of the
electrode in the coating process corresponds to the roll
map IV of the bottom surface B of the electrode in the
roll press process. In this case, a control logic value is
setto 1inthe top and bottom surface matching unit 1230.
Thatis, the roll map | of the top surface of the electrode,
which is indicated by T, in the coating process corre-
sponds to the roll map IV of the bottom surface of the
electrode, which is indicated by B, in the roll press proc-
ess. In this case, since the overlay roll map of the top
surfaces of the electrodes from the coating process to
the notching process consists of |, IV, and V, itis possible
to identify quality and product histories between the proc-
esses. Likewise, by also reflecting the surface reversal
information to the bottom surface of the electrode, the
roll map Il of the bottom surface of the electrode in the
coating process corresponds to the roll map Il of the top
surface T of the electrode in the roll press process. There-
fore, the overlay roll map of the bottom surface of the
electrode consists of II, lll, and V.

[0530] As described above, if the top and bottom sur-
face matching unit 1230 is not provided with the informa-
tion on the surface reversal and does not match the sur-
face reversal between the roll maps, there occurs a prob-
lem that roll maps representing opposite surfaces of the
actual electrodes may be compared, e.g., in the coating
process and the roll press process. In this case, since
the consistency of quality tracking using the overlay roll
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map is damaged, the quality tracking may not be per-
formed accurately.

[0531] The roll map matching unit 1200 according to
the present invention may perform top and bottom sur-
face matching, in addition to the above-described roll
map length matching and coordinate axis matching.
Therefore, by making up the overlay roll map by the roll
map matching of a predetermined logic even when the
top and bottom surfaces of the electrode are reversed in
a series of roll-to-roll processes, it is possible to quickly
and intuitively track a problem with the quality of the elec-
trode.

[0532] FIGS. 42and 43 are schematic diagrams show-
ing a series of roll-to-roll processes according to another
embodiment and overlay roll map in the corresponding
processes. The embodiment shows a case in which the
roll press process is performed twice.

[0533] Referring to FIG. 42, the electrode surface re-
versal occurs between the coating process and a primary
roll press process. However, since the electrode is wound
around the rewinder RW of the primary roll press process
in the lower winding direction and the electrode is un-
wound from the unwinder UW of a secondary roll press
process in the lower unwinding direction, the electrode
surface reversal does not occur between the primary and
secondary roll press processes. Therefore, the top and
bottom surface matching unit 1230 sets a control logic
value to 1 between the coating process and the primary
roll press process and sets a control logic value to 0 be-
tween the primary roll press process and the secondary
roll press process.

[0534] FIG. 43 shows an overlay roll map of the series
of roll-to-roll processes of FIG. 42.

[0535] In the overlay roll map in FIG. 43, the roll map
length matching and the coordinate axis matching have
been performed by reflecting the change in length of the
electrode and the change in coordinate axis occurring
from the coating process to the notching process.
[0536] In this case, the roll map | of the top surface of
the electrode, which is indicated by T, in the coating proc-
ess corresponds to the roll map IV of the bottom surface
of the electrode, which is indicated by B, in the roll press
process due to the surface reversal in the primary roll
press process. On the other hand, the roll map IV of the
bottom surface of the electrode, which is indicated by B,
in the primary roll press process corresponds to the roll
map VI of the bottom surface of the electrode, which is
indicated by B, without surface reversal in the secondary
roll press process. Therefore, since the overlay roll map
of the top surface T of the electrode from the coating
process to the notching process consists of I, IV, VI, and
VI, it is possible to identify quality and product histories
between the respective processes.

[0537] Meanwhile, since the overlay roll map of the bot-
tom surface B of the electrode consists of Il, Ill, V, and
VIl by reflecting the surface reversal information, itis pos-
sible to identify the quality and product histories between
the respective processes.
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[0538] The roll map matching unit 1200 may be the
MES or one component of the MES. In this case, the roll
map make-up unit 40 may constitute the MES together
with the roll map matching unit 1200. Alternatively, the
roll map matching unit 1200 may be an SPC or a DW,
which is a system that is separate from or an upper level
of the MES, or one component included in the SPC or
the DW. For example, the roll map matching unit 1200
may be a SPC device/system. Here, the SPC is a man-
agement device/system for efficiently operating a proc-
ess in a statistical method to achieve the quality or pro-
ductivity target required in a process. Alternatively, the
roll map matching unit 1200 may be a data warehouse
DW for converting data accumulated in a database into
acommon formatand managing the data. The data ware-
house enables data-based decision-making and analysis
by integrating data from multiple sources.

[0539] Therefore, the coordinate values of the roll
maps of respective processes made up by the respective
roll map make-up units 40 may match the coordinate val-
ues of the roll map of the final process through the match-
ing operation. In other words, survival electrodes of re-
spective processes are matched to the survival electrode
in the notching process.

[0540] The roll map length matching unit 1210, the co-
ordinate axis matching unit 1220, and the top and bottom
surface matching unit 1230 may be software capable of
performing predetermined calculation and matching op-
erations or a computing system in which the software is
embedded. For example, each matching unit may be a
real-time system, such as an embedded computer sys-
tem (ECS), and among them, a microcomputer may be
employed as each matching unit. The roll map length
matching unit 1210, the coordinate axis matching unit
1220, and the top and bottom surface matching unit 1230
may mutually perform wired and wireless communica-
tion. In FIG. 26, the matching units are separately shown
to clarify their functional distinction. However, for efficient
computing processing, one or more of the matching units
may be integrated. For example, since both the roll map
length matching and the coordinate axis matching are
related to the conversion of the coordinate values, the
roll map length matching and the coordinate axis match-
ing may be integrally operated by one matching unit.
Therefore, a detailed configuration of the roll map match-
ing unit is not limited to the example of FIG. 26.

[0541] The roll map and the overlay roll map may be,
for example, stored in a storage medium, such as a mem-
ory. A plurality of memories may also be provided, as
necessary. The memory may be a volatile memory or a
non-volatile memory. Alternatively, the storage medium
may be a hard disk, a CD-ROM, a USB memory, a solid
state drive (SSD), or the like. The listed storage media
are merely illustrative and are not limited to these exam-
ples.

[0542] The roll map, the overlay roll map, and related
data stored in the storage medium may be freely used in
battery manufacturing, quality control, analysis, and
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problem tracking.

[0543] FIG. 44 shows one example of the roll map in
the electrode manufacturing process.

[0544] In the coating process, the roll press process,
and the slitting process, the electrode proceeds in a roll-
to-roll state. The roll map is displayed in a bar shape
imitating the movement of the electrode, and a longitu-
dinal dimension of the electrode is displayed in coordi-
nates on the roll map. Since the information on defects,
quality, electrode breakage, and the like occurring in the
electrode manufacturing process is displayed on the roll
map together with the coordinate values, the data on
quality or defects in the electrode manufacturing process
may be visually and easily identified at a glance. For ex-
ample, as shown in FIG. 44, when breakage occurs in
the electrode 1 in the first process and thus an operator
connects the broken electrode pieces with the joint con-
nection member D, a length of the electrode is reduced
by as much as a broken length. Since the roll map is
supposed to reflect such a situation, the coordinates on
the roll map may be corrected. As shown in FIG. 44, the
roll map R of the first process has been corrected, and
as a result, in the roll map R’ of the second process the
length of the bar and positions of reference points M1,
M2, and M3 marked on the electrode are corrected. As
described above, the roll map includes information on
electrode loss such as electrode breakage. In addition,
the coordinates of the roll map may be displayed as rel-
ative coordinates in which a change in length of the elec-
trode is reflected (see R’ of FIG. 44) and/or as absolute
coordinates in which the change in length of the electrode
is notreflected. The relative coordinates and the absolute
coordinates may be displayed together on a single roll
map. The roll map displayed in the absolute coordinates
may visually display on the roll map bar the length of the
electrode lost due to electrode breakage, or the like.
[0545] According to the conventional electrode manu-
facturing process, including the notching process, if de-
fects are identified in a battery as a semi-finished or fin-
ished product, it is possible to analyze a cause of the
defects up to the notching process. For example, by print-
ing a cell ID on an electrode tab, if a problem is identified
in a semi-finished or finished battery, it is possible to an-
alyze at which stage prior to the manufacturing of the
semi-finished or finished battery the problem was
caused, by checking the cell ID. Therefore, in the battery
manufacturing process from the notching process, it is
possible to track the cell ID to determine at which stage
and at which position of the electrode the semi-finished
or finished product including the cell ID has been manu-
factured, enabling quality tracking per unit battery cell.
[0546] However, the quality tracking per unit battery
cellis only possible up to the notching process and cannot
be extended to the electrode manufacturing process, pri-
or to the notching process. Prior to the notching process,
only a lot number of an electrode roll from which a cor-
responding battery cell is manufactured may be identi-
fied. Therefore, when a defective battery cell is detected,
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the entire electrode roll in the electrode manufacturing
process line from which the corresponding battery cell
has been produced might have to be discarded.

[0547] Therefore, itis necessary to develop a technol-
ogy capable of tracking quality per unit battery cell in the
electrode manufacturing process prior to the notching
process.

[0548] FIG. 45 is a block diagram showing a system
2000 for supervising a secondary battery manufacturing
process, according to an aspect of the present invention.
[0549] The system 2000 for supervising a secondary
battery manufacturing process, according to the present
aspect of the invention may include: a notching controller
2100 for acquiring electrode coordinate information of an
electrode line moving in a roll-to-roll state in a notching
process, as well as a cell ID provided on a respective
one of notched unit electrodes; a calculator 2200 for cal-
culating, based on the cell ID acquired by the notching
controller and a pitch information (which is a width of the
notched unit electrodes), a coordinate value of the ac-
quired cell ID on the electrode as a position of the corre-
sponding notched unit electrode; a roll map make-up unit
for making up a roll map, being configured to generate
roll maps of respective sub-processes of the electrode
manufacturing process by reflecting electrode length
changes during the preceding electrode manufacturing
process on the electrode coordinate information trans-
mitted from the notching controller 2100; and a mapping
unit 2400 for deriving a position of the electrode in the
electrode manufacturing process from which the respec-
tive notched unit electrode originates, by comparing co-
ordinate values of the generated roll map and the calcu-
lated coordinate value of the cell ID.

[0550] The presentaspect of the invention further aims
to track the electrode manufacturing process before the
notching process per unit cell. Therefore, in order to track
the position on the electrode roll, a position of a target
unit electrode in the notching process must be first spec-
ified. In the notching process, since a continuous elec-
trode sheetis processed atintervals of the unit electrode,
a description will be provided as for one of the unit elec-
trodes as the target electrode.

[0551] The system 2000 for manufacturing the battery
according to the present invention includes a notching
controller 2100, a calculator 2200, a roll map make-up
unit 2300, and a mapping unit 2400.

[0552] The notching controller 2100 is a controller for
controlling the transfer of the electrode line in a roll-to-
roll state in the notching process. For example, the con-
troller 2100 is a PLC. The controller 2100 stores pitch
information, which corresponds to information on the
width of the unit electrode, for notching the electrode line
at a predetermined interval. In addition, the controller
2100 may acquire electrode coordinate information on
the electrode line being transferred in the roll-to-roll state
between an unwinder and a rewinder. When the elec-
trode is transferred in the roll-to-roll state between the
unwinder and the rewinder in the notching process, the
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electrode coordinate information may be acquired from
the encoder value information indicating the position of
the electrode according to the amount of rotation of the
unwinder and the rewinder. In order to describe a function
of the notching controller 2100, a typical notching process
will be described.

[0553] FIG. 46 is a schematic diagram for describing
the notching process controlled by the notching controller
2100 according to the system 2000 for manufacturing
the battery according to the present invention.

[0554] The electrode, after undergoing the roll press
process or the slitting process, is loaded onto an unwind-
er UW as shown in FIG. 46. The electrode released from
the unwinder UW is notched while moving toward a re-
winder RW. Since the electrode 1 is unwound from the
unwinder UW and wound around the rewinder RW, a
movement amount of the electrode line or a position on
the electrode may be calculated from the amount of ro-
tation of the unwinder UW and the rewinder RW. A (ro-
tary) encoder 20 is installed at each of the unwinder UW
and the rewinder RW. The encoder may extract an en-
coder value, which is a displacement or a coordinate val-
ue of the electrode, from an amount of rotation of a motor.
That is, the encoder 20 is connected to a motor driving
unit installed at the unwinder UW and the rewinder RW
to express an encoder value indicating the position of the
electrode according to the amount of rotation of the un-
winder UW and the rewinder RW. Electrode coordinate
information (that is, electrode position information) of the
electrode line in the notching process may be acquired
from information on the encoder value. As shown in FIG.
46, an unwinder encoder 20U and a rewinder encoder
20R are connected to the notching controller 2100 and
transmit encoder values according to the movement of
the electrode to the notching controller 2100. Therefore,
the notching controller 2100 may acquire, based on the
encoder values, the electrode coordinate information of
the electrode line transferred in the roll-to-roll state.
[0555] Meanwhile, the controller 2100 may also ac-
quire a cell ID of each notched unit electrode. Referring
to FIG. 46, in the notching process, the electrode is
punched using a punching device BM to form an elec-
trode tab for each unit electrode. After the punching, a
predetermined identification markis provided on the elec-
trode tab of the unit electrode. For example, a barcode
is printed or a laser making is provided on the electrode
tab. The unit electrode or a semi-finished or finished bat-
tery cell manufactured with the unit electrode may be
distinguished from other semi-finished or finished prod-
ucts by the identification mark, such as the barcode or
the laser marking. In this sense, the identification mark
is referred to as a cell ID indicating an identity of the
battery cell to be produced. A device for printing the cell
ID is not shown in FIG. 46. However, the cell ID of the
unit electrode, which is punch-processed by the punching
device BM and is printed with the identification mark, is
scanned by an identification mark scanner 90 and trans-
mitted to the notching controller 2100. The notching con-
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troller 2100 transmits the cell ID and the pitch information
to the calculator 2200. Using the pitch information and
the cell ID, the calculator 2200 may calculate the cell ID
coordinates, which represent a position of a specific unit
electrode in the notching process.

[0556] Specifically, the calculator 2200 may obtain a
sequence number of a specific unit electrode from the
Identification mark (cell ID) and multiply the sequence
number by the pitch to obtain cell ID coordinates. For
example, when barcodes are sequentially printed as
Identification marks on the electrode in the notching proc-
ess, the barcodes may indicate sequence numbers of
the unit electrodes. Generally, a relationship between the
barcode (identification mark) and the sequence numbers
of the unit electrodes is stored in a storage 2500 such as
a server, and when the barcode is recognized, an order
of the unit electrode may be identified. When a unit elec-
trode of a certain barcode is omitted, this may mean that
the unitelectrode is missing from the notching line. There-
fore, the calculator 2200 can obtain a sequence number
of a specific unit electrode by comparing the sequence
number stored in the storage 2500 with the Identification
mark acquired by the Identification mark scanner.
[0557] Forexample, when a pitch of the notching proc-
ess is 0.1 meters and a sequence number of a specific
unit electrode is 5000, cell ID coordinates of the specific
unit electrode are 500 meters by multiplying the se-
quence number by the pitch. In this case, when an elec-
trode length of a notching line is determined to be 760
meters from the electrode coordinate information ac-
quired from the encoder values of the unwinder UW and
the rewinder RW, the specific unit electrode may be spec-
ified as a unit electrode positioned at a position of 500
meters on a 760 meter-long electrode.

[0558] The calculator 2200 may be, forexample, areal-
time system such as an ECS, and a microcomputer may
be employed as the calculator 2200. As described below,
the calculator 2200 calculates the cell ID coordinates and
transmits the cell ID coordinates to the mapping unit
2400.

[0559] In addition, according to the present invention,
the roll map make-up unit 2300 for making up a roll map
from the electrode coordinate information transmitted
from the notching controller 2100 is included. Since the
present aspect of the invention aims at tracking the po-
sition of the electrode in the electrode manufacturing
process prior to the notching process, the roll map is also
made up for each sub-process of the electrode manu-
facturing process. Specifically, the electrode manufac-
turing process prior to the notching process may include
at least a coating process of coating a current collector
with an electrode active material to form a coated elec-
trode, and a roll press process of rolling the coated elec-
trode using a press roll. In addition, the electrode man-
ufacturing process prior to the notching process may fur-
ther include a slitting process of cutting the rolled elec-
trode after the roll press process in the longitudinal di-
rection.
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[0560] As described above, the roll map imitates an
electrode moving in a roll-to-roll state, and a longitudinal
dimension of the electrode is represented in coordinates.
Therefore, the changed length of the electrodes between
respective processes may be identified from the rollmaps
representing the respective processes.

[0561] Since the electrode in the notching process is
manufactured from the electrode having been subject to
the previous processes, such as the slitting process, the
roll press process, and the electrode coating process, a
roll map including information on the change of the elec-
trode length in such previous processes is required, in
order to track the exact electrode position. The roll map
may be made up in each of the electrode coating process,
the roll press process, and the slitting process. The roll
map may reflect information on the electrode part broken
and removed during the respective processes. Since the
longitudinal dimension of the electrode is displayed in
coordinates on the rollmap, if an electrode length change
occurs during the respective process due to breakage or
connection of the broken electrode pieces, etc., the
change may be reflected in the roll map. In addition, since
a plurality of reference points are marked at predeter-
mined intervals on the roll map, a removed length of the
electrode may be calculated using the reference points.
Such reference points are marked on the roll map by
imitating the reference points printed on the electrode.
[0562] Meanwhile, a portion of the electrode may be
cut off after the respective process is completed. Usually,
because the quality of the electrode at the beginning and
the end of the roll-to-roll process is often not uniform, an
electrode part corresponding to the beginning or end of
the corresponding process is typically cut off. The above
removed electrode part is referred to as "removed elec-
trode part after completion." As described above with ref-
erence to FIG. 44, the coordinates displayed on the roll
map include relative coordinates in which the change in
the length of the electrode is reflected and absolute co-
ordinates in which the change in the length of the elec-
trode is not reflected. Therefore, since the removed elec-
trode part may be displayed on the roll map displayed in
the absolute coordinates, information on defects or
breakage may be visually displayed on the roll map. How-
ever, in the presentinvention, for convenience of descrip-
tion, visual information other than the length and coordi-
nates of the electrode will be omitted and not displayed
on the roll map. In the case of the electrode manufactur-
ing process including a plurality of sub-processes, a roll
map of the preceding process may be referred to when
making up a roll map for the following process. For ex-
ample, when an electrode is manufactured through the
electrode coating process, the roll press process, and
the slitting process, the roll map of the electrode coating
process may be referred to in the following roll press proc-
ess. When an electrode part is removed during the elec-
trode coating process or thereafter, this electrode remov-
al should be reflected in making up the roll map of the
roll press process. That is, while the roll map of the roll
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press process displays a reference pointand coordinates
by making reference to the roll map displaying the abso-
lute coordinates of the electrode coating process, the co-
ordinates must be corrected by reflecting the change in
length of the electrode. In this sense, the roll map includ-
ing the absolute coordinates of the roll press process
may correspond to a roll map including the relative co-
ordinates in the preceding electrode coating process.
Likewise,when an electrode length change occurs during
or after the roll press process, the change needs to be
reflected in the roll map of the following slitting process.
The roll map of the slitting process reflecting the change
may be a roll map of absolute coordinates in the slitting
process and may correspond to a roll map of relative
coordinates in the roll press process.

[0563] As described above, whether a roll map is dis-
played in absolute coordinates or relative coordinates is
arelative concept with respect to the relevant processes.
In the present invention, such different coordinates may
be appropriately utilized to track the position of the elec-
trode.

[0564] The roll map make-up unit 2300 may make up
a roll map of each sub-process of the electrode manu-
facturing process, for example, the coating process, the
roll press process, and the slitting process by reflecting
data stored therein regarding the electrode length
change during the electrode manufacturing process on
the electrode coordinate information transmitted from the
notching controller 2100. For example, the roll map
make-up unit 2300 may be an MES for managing the
electrode manufacturing process or one component of
the MES. Similar to FIG. 46, since the electrode is trans-
ferred in a roll-to-roll state between the unwinder UW and
the rewinder RW in the coating process, the roll press
process, and the slitting process, the electrode coordi-
nate information of the electrode line may be obtained
from the encoder value or the like. In addition, when the
electrode part is removed during the subject process (re-
moval during the process) or after the process is com-
pleted (removal after completion), a removal length may
also be determined with a change in interval between
reference points marked on the electrode. As shown in
FIG. 46, since the reference point measurement device
12 is disposed on the electrode line in the electrode man-
ufacturing process, the electrode removal length may be
measured using the reference point measurement de-
vice. All the pieces of information are stored in an elec-
trode MES. Therefore, when the electrode coordinate in-
formation transmitted from the notching controller 2100
is specified, the data on the electrode length change
stored in the MES during the electrode manufacturing
process may be added to or subtracted from the electrode
coordinate information, and based thereon, the roll maps
of the slitting process, the roll press process, and the
electrode coating process from which the current notched
electrode originates may be made up through reverse
calculation. The MES is provided as a data processing
system and provided with a central processing unit, the
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calculator, a determination unit, and the like, thereby be-
ing able to easily make up a roll map using the above-
mentioned information. In addition, the MES may also be
provided with a predetermined data visualization device
to visualize and display the roll map on a screen. Since
a process of visualizing a source data as a diagram or
graph is known in the art, a detailed description thereof
will be omitted herein.

[0565] Referring back to FIG. 45, the notching control-
ler 2100 may transmit coordinate information on the elec-
trode line of the notching process to the MES 2600 of the
assembly process, and the MES 2600 of the assembly
process may transmit the coordinate information to the
roll map make-up unit 2300. Since the process after the
notching process belongs to an assembly process, not
any longer the electrode manufacturing process, the
notching controller 2100 may be connected to the MES
2600 of the assembly process. In addition, even without
making up a roll map in the notching process, itis possible
to track the position of the electrode in the electrode man-
ufacturing process using the coordinate information and
the cell ID. However, in order to check the continuity and
correlation between the notching process and the pre-
ceding processes (e.g., the slitting process or the roll
press process), a roll map of the notching process may
be made up by the MES 2600 of the assembly process.
In this case, the encoder value, the cell ID, and the pitch
information, which are acquired by the notching controller
2100 in the above-described notching process, may be
used. Since the notching controller 2100 actually ac-
quires the electrode coordinate information of the
notched electrode line, a roll map of the notching process
can be obtained by simply expressing the electrode co-
ordinate information in coordinates (see FIG. 48 which
will be described below).

[0566] The mapping unit 2400 compares the generat-
ed coordinates of the roll map with the cell ID coordinates
to derive the position of the electrode in the electrode
manufacturing process from which a specific unit elec-
trode originates. The mapping unit 2400 may be a data
warehouse (DW) for converting and managing data ac-
cumulated in a database into data in a common format.
Since the DW is able to make a data-based decision and
integrate and analyze data from multiple sources, it can
derive the position of the electrode in the electrode man-
ufacturing process from which the specific unit electrode
of the notching process originates, through a mapping
operation of comparing and matching the cell ID coordi-
nates from the calculator 2200 and the roll map coordi-
nates from the roll map make-up unit 2300.

[0567] A process of calculating the position of the elec-
trode by the mapping unit 2400 will be described in detail
with reference to examples and drawings as follows.
[0568] FIG. 48 is a schematic diagram showing an
electrode position tracking process of the system 2000
for supervising a secondary battery manufacturing proc-
ess, according to one embodiment of the present inven-
tion.
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[0569] In an example shown in FIG. 48, it may be con-
firmed from the notching controller 2100 that the stored
pitch information is 0.1 meters, and it may be also con-
firmed from the electrode coordinate information of the
electrode line transferred in aroll-to-roll state in the notch-
ing process, the length (coordinates) of the notched elec-
trode line is 760 meters.

[0570] In addition, the ECS calculator 2200 compares
the barcode (cell ID) printed on a specific unit electrode
of the notching process with the sequence information
stored in the storage 2500 and identifies that a sequence
number of the specific unit electrode is 5000. Then, by
way of multiplying the pitch information (0.1 meters) by
the sequence number, the cell ID coordinate is known
as 500 meters.

[0571] In addition, the encoder values stored in the
notching controller 2100 are transmitted to the electrode
MES, which is the roll map make-up unit 2300. The elec-
trode MES makes up the roll map of the roll press process
and the roll map of the electrode coating process in ab-
solute coordinates and relative coordinates. The cell ID
coordinates calculated by the calculator 2200 and the roll
map information generated by the electrode MES are
transmitted to the mapping unit, and through the following
comparison process, the mapping unit 2400 traces from
which position of the electrode in the roll press process
orin the electrode coating process the specific unit elec-
trode having the cellnumber 5000 in the notching process
is originated.

[0572] The mapping unit 2400 adds the reduced elec-
trode length that is known by the roll map in each sub-
process of the electrode manufacturing process (e.g.,
the roll map of the roll press process and the roll map of
the coating process) to the cell ID coordinates (500 me-
ters) of the specific unit electrode. Usually, the reduction
in length of the electrode in the electrode manufacturing
process results from atleast one of the electrode removal
during each sub-process (removal during the process)
or the electrode removal after the sub-process (removal
after completion).

[0573] As described above, the cell ID coordinate of
the specific unit electrode of the notched electrode line
is 500 meters. Therefore, when a problem, such as de-
fects or the like, occurs in the semi-finished or finished
battery cell comprising the unit electrode produced at the
point of 500 meters, the electrode position in the elec-
trode manufacturing process may be tracked by disas-
sembling the battery cell and checking the cell ID. Hence,
it is possible to analyze the cause of the defect per unit
cell, or in other words, it is possible to identify from which
electrode position the defect originates.

[0574] Asdescribed above,whenthe cell ID coordinate
of the specific unit electrode of the notching line is spec-
ified, the electrode coordinates in the electrode manu-
facturing process from which the specific unit electrode
originates are calculated by adding the reduced electrode
length known by the roll map of each sub-process of the
electrode manufacturing process.

EP 4 340 054 A1

10

15

20

25

30

35

40

45

50

55

58

114

[0575] In the embodiment, itis assumed that the sub-
processes performed were the electrode coating process
and the roll press process; and hence, the roll map of the
coating process and the roll map of the roll press process
are used. However, a slitting process may also be per-
formed after the roll press process, a corresponding roll
map being made up. Since the principle of electrode po-
sition tracking process is the same, in the present em-
bodiment, the process of tracking an electrode position
will be described excluding the electrode length change
in the slitting process. In addition, slitting is simply cutting
the roll-pressed electrode in the longitudinal direction,
and thus, such a substantive electrode length change as
in the electrode coating process or the roll press process
rarely occurs. Therefore, the process of tracking an elec-
trode position will be described excluding the roll map of
the slitting process. However, when a roll map of the slit-
ting process is made up and available, it is possible to
track the electrode position by comparing coordinates of
the roll map using the same principle as in the present
embodiment.

[0576] FIG. 48 shows, for the purpose of comparison
with the roll press process, a roll map of the notching line,
which is made up in the assembly MES using the elec-
trode coordinate information and the cell ID coordinate
of the notched electrode line. However, as described
above, the roll map of the notching process shown in
FIG. 48 is shown for convenience of description and is
not necessarily essential in tracking the electrode posi-
tion. That is, even when only the cell ID coordinates of
the notching process are available, the electrode position
may be tracked using the roll map of the electrode man-
ufacturing process. However, as will be described below,
in case an electrode part is removed in the notching proc-
ess, aroll map of the notching process reflecting the elec-
trode removal may be prepared (just like in the electrode
manufacturing process), which is advantageous by mak-
ingiteasierto specify the electrode position in connection
with the roll map of the preceding roll press process.
[0577] In the notching process, if there is no history of
change of the cell ID coordinate of the specific unit elec-
trode, based on the cell ID coordinate, the electrode po-
sition is tracked.

[0578] However, in the notching process, for example,
if a removal during the process has occurred (i.e., an
electrode part has been removed by a certain length dur-
ing the notching process), the removed electrode length
needs to be be added to enable tracking of an accurate
electrode position. In the embodiment, it is assumed that
the electrode was removed during the notching process.
If intervals between the plurality of reference points
marked on the electrode are changed due to the elec-
trode removal, the removed electrode length during the
notching process may be obtained by comparing with set
intervals of the reference points. This will be described
below.

[0579] ReferringtoFIG. 48, when a coordinate of a cell
ID-5000 of the notching line is 500 meters and 30 meters
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of the electrode are removed from the notching line (re-
moval during the notching process), the coordinate of the
unit electrode in the coordinates of the roll press process
- prior to the notching process - is 530 meters. As de-
scribed above, the roll map shown in relative coordinates
in the roll press process may be a roll map in absolute
coordinates in the notching process. In addition, taking
into account the removal of 30 meters of the electrode
during the notching process, an electrode length (coor-
dinates) of the roll map in the roll press process repre-
sented in relative coordinates is 790 meters.

[0580] Next, the roll map represented in absolute co-
ordinates of the roll map of the roll press process is re-
ferred to. Since 20 meters of the electrode were removed
after the roll press process (removal after completion),
the removed length is added. Then, the coordinate of the
electrode having a cell ID-5000 of the notching line is 550
meters in the roll press process, and the electrode length
(coordinates) becomes 810 meters. Therefore, it can be
seen thatthe specific unitelectrode (with the cell ID-5000)
having the coordinates of 500 meters in the notching line
originated from an electrode having coordinates of 550
meters in the roll map of the roll press process. From the
above description, at least the electrode position in the
roll press process may be tracked per unit cell.

[0581] Furthermore, the process of tracking an elec-
trode position in the electrode coating process will be
described. Once the electrode position of 550 meters
based on the absolute coordinates of the roll map of the
roll press process is obtained, it can be seen from the
roll map displayed in the relative coordinates of the coat-
ing process that 40 meters of the electrode were removed
during the roll press process. Therefore, the electrode
coordinate of the specific unit electrode (with the cell ID-
5000) having the coordinate of 500 meters in the notching
line is changed from 550 meters to 590 meters, and the
electrode length (coordinates) becomes 850 meters. Fi-
nally, the roll maps of the electrode coating process, re-
spectively displayed in the absolute coordinates and in
the relative coordinates, are compared, thereby confirm-
ing that 50 meters of the electrode are removed after the
electrode coating process, and accordingly correcting
the electrode coordinates. Therefore, the electrode co-
ordinate of the specific unit electrode (with the cell ID-
5000) having the coordinate of 500 meters in the notching
line is changed from 590 meters to 640 meters, and the
electrode length (coordinates) becomes 900 meters.
That is, it can be seen that the electrode of 760 meters
in the notching line originally had a length of 900 meters,
and it can be understood that the unit electrode with the
cell ID-5000 has been manufactured from the electrode
part at a position of 640 meters in the electrode coating
process.

[0582] As described above, by comparing the coordi-
nates of the specific unit electrode in the notching line
with the coordinates of the roll map, the electrode position
in the roll press process or in the electrode coating proc-
ess, from which the specific unit electrode originates, can
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be tracked.

[0583] FIG. 47 is a schematic diagram for describing
aprocess of deriving a removal length when an electrode
part is removed during the notching process.

[0584] A plurality of reference points are printed on the
electrode in the notching process at predetermined in-
tervals. The reference point measurement device 12 for
detecting the reference points is shown in FIG. 46. When
an electrode loss of 100 meters occurs due to, for exam-
ple, electrode breakage between a first reference point
M1 and a second reference point M2, a coordinate value
of the first reference point M1 is not changed, but posi-
tions of the second and third reference points M2 and
M3 and an end portion of the electrode are changed.
When the reference point measurement device 12 and
the encoder 20 linked thereto derive the changed refer-
ence point coordinate values according to the reference
point change, the notching controller 2100 may calculate,
by comparing with set reference point coordinate values,
that a loss amount of the broken electrode is 100 meters
between the first reference point and the second refer-
ence point.

[0585] Therefore, when an interval between the refer-
ence points is changed due to the removal of the elec-
trode resulting from breakage or the like during the notch-
ing process, a derived reference point coordinate value
is compared with the set reference point coordinate value
so that a loss amount of the electrode (the removed
length of the electrode) may be calculated.

[0586] FIG. 49 is a schematic diagram showing the
electrode having been elongated in a roll press process,
and FIG. 50 is a schematic diagram showing a method
of tracking an electrode position according to another
embodiment of the present invention.

[0587] As shown in FIG. 49, the electrode coated in
the electrode coating process is rolled by a press roll (not
shown) in the roll press process and elongated at a pre-
determined ratio. Therefore, when the electrode position
is tracked in the preceding processes based on the cell
ID coordinates of the unit electrode in the notching proc-
ess, it is necessary to reflect a coordinate change due to
the elongation of the electrode. That is, the mapping unit
2400 may reflect an increment of the electrode whose
length is increased by the electrode elongation, in order
to accurately derive the electrode position in the elec-
trode coating process, from which the specific unit elec-
trode originates.

[0588] FIG. 50 shows an embodiment in which the
electrode position is tracked in consideration of the elec-
trode elongation by the roll press. FIG. 50C shows that
the unit electrode with the cell ID of 5000 originates from
590 metersin the roll press process by reflecting the elec-
trode removal during the roll press process in FIG. 48,
and the electrode length at this time was 850 meters. In
FIG. 48, the electrode elongation by the roll press is not
considered, but in FIG. 50, the electrode position in the
electrode coating process is tracked in consideration of
the electrode elongation.
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[0589] FIG. 50(a) is a roll map displayed in absolute
coordinates in the coating process, which shows that 60
meters of the electrode are removed from the electrode
of 900 meters after the electrode coating process is com-
pleted. FIG. 50(b) is a roll map displayed in relative co-
ordinates in the coating process by reflecting the removal
portion of 60 meters after completion. In the roll map of
FIG. 50(b), the electrode length (coordinates) is 840 me-
ters. When the electrode elongation occurs by the roll
press, the roll map of the roll press process is not con-
sistent with the roll map of the electrode coating process.
Therefore, it is necessary to correct the roll map by as
much as the electrode elongation or to calculate elec-
trode coordinates in consideration of an increase in
length of the electrode due to the electrode elongation.

[0590] Referring back to FIG. 50(c), the coordinate of
590 meters in the electrode having a length of 850 meters
in the roll press process is a position of a roll press elec-
trode from which a specific unit electrode in the notching
process originates.

[0591] The coordinate of 590 meters of the roll press
electrode is divided by a elongation ratio of 850/840,
which results in 583 meters. That is, 583 meters is the
electrode position in the electrode coating process from
which the unit electrode of the notching process origi-
nates. However, in this case, since an electrode part of
60 meters was removed after the coating process, the
actual electrode coordinates of the coating process
needs to be calculated by adding the removed electrode
length after the coating process. When 60 meters of the
removed portion is added, the electrode length of the
coating process becomes 900 meters, and the electrode
coordinates in the electrode coating process from which
the unit electrode originates is 643 meters. After all, the
tracking of the electrode position is completed.

[0592] A lithium secondary battery includes a positive
electrode and a negative electrode that are a pair of elec-
trodes, a separator that insulates the positive electrode
and the negative electrode from each other, and an elec-
trolyte. Each of the positive electrode and the negative
electrode, which are electrodes of the secondary battery,
is manufactured by forming a tab on an electrode sub-
strate, which is obtained by applying electrode slurry on
a surface of a current collector manufactured as a thin
aluminum or copper plate and drying a resultant struc-
ture, and cutting the resultant electrode substrate in an
appropriate size. The electrode slurry is a mixture of a
solvent, an active material, a conductive material, a bind-
er, etc. and is applied on the surface of the current col-
lector to form the electrode substrate. For example, the
electrode slurry (paste) is prepared by mixing an active
material with other solid particles and milling an obtained
mixed particulate material with adispersion mediumsuch
as NMP or water.

[0593] The electrode slurry is prepared by introducing
and mixing components in a mixer and is transferred to
a main tank using, e.g., a slurry batch container. There-
after, the electrode slurry is sequentially transferred to a
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storage tank, a transfer tank, and a supply tank and is
finally supplied to a coater (coating die) for coating the
current collector with the electrode slurry. FIG. 51 is a
schematic diagram showing the transfer of slurry be-
tween a plurality of tanks.

[0594] However, lotinformation, i.e., a slurry batch ID,
of electrode slurry introduced into the plurality of tanks
from a current mixer is managed per storage tank, not
per supply tank supplying the electrode slurry to a coater.
That is, while the slurry (logistics) is actually transferred
through a main tank, a storage tank, a transfer tank, and
asupply tank, according to the conventional logistics con-
troller or management system, lot information is man-
aged midway, in the storage tank; and thus, the lot infor-
mation cannot be tracked at the final supply tank stage
from which the electrode slurryis introduced into the coat-
er.

[0595] For example, in a process in which the main
tank, the storage tank, the transfer tank, and the supply
tank are connected to form a single slurry flow, lot infor-
mation can be tracked at the supply tank, even if the lot
information is managed in the storage tank. However, in
aprocess in which the slurry flow splits into multiple tanks
as shown in FIG. 52, data (lot information) cannot be
identified at the final supply tank.

[0596] Therefore, in order to solve this problem, it is
necessary to develop a technology for tracking lot infor-
mation of electrode slurry transferred from a main tank
to a supply tank and finally managing the lot information
by checking the lot information at the stage of the supply
tank.

[0597] FIG. 52is a schematic diagram showing the dif-
ference between the related art and an electrode slurry
lot information tracking management mechanism of the
present invention.

[0598] Referringto FIG. 52(a), according to the related
art, lot information of electrode slurry is managed with
respect to a storage tank rather than a supply tank from
which the electrode slurry is actually supplied to a coater.
That is, at the storage tank stage, the lot information of
the electrode slurry is checked and reported to an MES
of a factory. Therefore, according to the related art, lot
information cannot be tracked at the final supply tank
stage.

[0599] Referringto FIG.52(b), accordingtothe present
invention, lot information of electrode slurry is managed
at the final supply tank. To this end, according to the
present invention, lot information of electrode slurry is
allocated and recorded for individual tanks, as will be
described below. In addition, the lot information of the
final supply tank that supplies the electrode slurry to a
coater may be detected by referring to a history of the lot
information recorded for each of the tanks. Therefore,
according to the present invention, lotinformation can be
tracked at the final supply tank stage, and lot information
detected at the supply tank stage can be transmitted to
an MES of a factory to be used in tracking/controlling the
quality of electrode slurry used and in managing the qual-
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ity or a defect of an electrode or a battery manufactured
using the electrode slurry.

[0600] The lot information is an identification informa-
tion for identifying data such as the type, composition,
etc. of the electrode slurry supplied from a mixer to a
main tank. For example, the lot information may include
alot number, lot ID, batch ID, etc. of the electrode slurry.
Generally, the lotinformation such as the batch ID is pro-
vided on a batch container of the electrode slurry supplied
from the mixer to the main tank. The lot information may
be recognized by scanning an identification tag (e.g., bar-
code) on the batch container or recognized by a sensor
installed between the mixer and the main tank. The rec-
ognized lot information may be transmitted to a controller
(aPLC) for controlling the transfer of the electrode slurry,
and the controller of the present invention may identify
the lot information and use it in lot information tracking
management.

[0601] FIG. 53 is a block diagram showing a system
3000 for supervising a secondary battery manufacturing
process according to one embodiment of the present in-
vention.

[0602] The system 3000 for supervising a secondary
battery manufacturing process according to the present
invention is intended to manage lot information of elec-
trode slurry when the electrode slurry is transferred to a
coater from a mixer M that mixes materials to produce
the electrode slurry.

[0603] The type of electrode slurry to be applied and
the surface of a current collector to be coated with the
electrode slurry may vary. Furthermore, the amount of
the electrode slurry to be coated by a coater may vary
depending on the electrode type, coating rate or coating
timing. Therefore, the electrode slurry may not be directly
transferred to the coater from the mixer M, and a plurality
of tanks 3100 are to be arranged between the mixer M
and the coater. That is, the plurality of tanks 3100 are
connected between the mixer M and the coater through
pipes, being configured to sequentially transfer the elec-
trode slurry supplied from the mixer M to the coater.
[0604] As shownin FIG. 53, the plurality of tanks 3100
are arranged such that the electrode slurry supplied from
a higher, upstream, tank may be split and transferred to
a plurality of lower, downstream, tanks. As described
above, lot information is easy to detect at the stage of
supply tanks 3140 if a single flow is formed from the main
tank 3110 to the supply tank 3140. However, lot informa-
tion is not easy to track at the stage of the final supply
tanks 3140 if electrode slurry is transferred in a bifurcated
manner, sequentially to lower tanks as shown in FIG. 52.
To solve this problem, according to the presentinvention,
lotinformation of the supplied electrode slurry is allocated
and recorded for each tank, and lot information is detect-
ed at the final supply tank stage by referring to a history
of the lot information, as will be described below.
[0605] There are cases in which the electrode slurry is
applied on only a side surface of a current collector, but
in most cases, the electrode slurry is applied on top and
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bottom surfaces of the current collector to increase a ca-
pacity and manufacture a stacked cell. FIG. 53 shows
that electrode slurry is split into top slurry to be applied
on the top surface of the current collector and bottom
slurry to be applied on the bottom surface of the current
collector. The top slurry and the bottom slurry are trans-
ferred to a plurality of sub tanks. Slurry may be split di-
rectly whenthe slurry is transferred from the highest-level
tank to the next-highest-level tank or may be split when
the slurry is transferred to a middle- or lower-level tank
after the next-highest tank. There may be a large number
of cases of the split of the electrode slurry and an ar-
rangement and design of the plurality of tanks based ther-
eon, in conjunction with the number, arrangement, type,
etc. of the coaters. That is, in addition to that shown in
FIG. 53, split lines of the electrode slurry and tank lines
or arrangement based thereon may be designed in var-
ious ways.

[0606] FIG. 53 shows a main tank 3110, storage tanks
3120, transfer tanks 3130, and supply tanks 3140 to de-
scribe a typical example of the transfer of the electrode
slurry from the mixer M to the coater C. The main tank
3110 is a start point of the transfer of the electrode slurry,
and the lot information of the electrode slurry introduced
into the main tank 3110 may be easily identified. There-
fore, according to the present invention, the lot informa-
tion of the electrode slurry generally from the storage
tank 3120 to the supply tank 3140 may be tracked and
managed. The plurality of tanks 3100, which are targets
of lot information tracking management, may include the
storage tank 3120 to which the electrode slurry is sup-
plied from the main tank 3110, the transfer tank 3130 to
which the electrode slurry is supplied from the storage
tank 3120, and the supply tank 3140 to which the elec-
trode slurry is supplied from the transfer tank 3130 and
which supplies the electrode slurry to the coater C. In
FIG. 53, the electrode slurry from the main tank 3110 is
supplied to two storage tanks 3120A and 3120B and is
split into top slurry and bottom slurry, respectively in the
storage tanks 3120A and 3120B. The top slurry and the
bottom slurry are supplied to a top slurry supply tank and
a bottom slurry supply tank. The top slurry and the bottom
slurry are transferred from the transfer tanks 3130 to the
supply tanks 3140 in 1:1 correspondence and are sup-
plied to the coaters C. However, this is only an example
of an arrangement of a main tank, a storage tank, a trans-
fer tank, and a supply tank, and an arrangement of tank
lines for supplying slurry is variable. According to the
present invention, lot information of the electrode slurry
at the supply tank stage may be detected in response to
various arrangements of tank lines.

[0607] Inthe presentinvention, a controller 3200 iden-
tifies lot information of the electrode slurry and allocates
and records, per tank, lot information of the electrode
slurry supplied to individual tanks. Further, lot information
of the final supply tank, which supplies the electrode slur-
ry to the coater, is detected by referring to a history of
the lot information recorded per tank.
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[0608] The controller 3200 may be, for example, the
controller 3200 (PLC) for controlling the transfer of the
electrode slurry. The controller 3200 for controlling the
transfer of the electrode slurry may control the transfer
of the electrode slurry by controlling an opening and clos-
ing valve (not shown) installed at a pipe connecting tanks.
Alternatively, when a cover is attached to each tank, the
controller 3200 may also control the cover to be opened
or closed. A PLC is a typical example of the controller
3200.

[0609] When the mixer M and the main tank 3110 are
connected through a pipe, the controller 3200 transfers
the electrode slurry by opening the opening/closing valve
at the pipe and controlling a cover to be opened when
the cover is installed at the main tank 3110. Alternatively,
when slurry from the mixer M is transferred to the main
tank 3110 through a slurry batch container (not shown),
the controller 3200 may control the transfer of the slurry
batch container through a conveyor. Alternatively, the
controller 3200 may control opening/closing of the pipes
installed between the main tank 3110, the storage tanks
3120, the transfer tanks 3130, the supply tanks 3140,
and the coater C, to supply the electrode slurry to the
coater C. The transfer of slurry through the pipe using
the opening/closing valve is well known and thus detailed
description thereof is omitted here.

[0610] Because the controller 3200 controls the trans-
fer of the electrode slurry, lot information of the electrode
slurry introduced into a corresponding tank may be ob-
tained when the electrode slurry is transferred from the
mixer M to the main tank 3110 and when the electrode
slurry is transferred between tanks.

[0611] There may be a case in which it is difficult to
transfer the electrode slurry directly to the maintank 3110
from the mixer M due to the difference in capacity be-
tween the mixer M and the main tank 3110 or the like.
Thus, the electrode slurry from the mixer M may be trans-
ferred to the main tank 3110 using a slurry batch con-
tainer. In this case, an identification tag (e.g., barcode)
(not shown) storing information (lot information or the
like) about corresponding electrode slurry may be pro-
vided on the slurry batch container, and the main tank
3110 may scan the identification tag to obtain the lot in-
formation of the electrode slurry. To this end, the main
tank 3110 may include an identification tag scanner (e.g.,
a barcode scanner) (not shown). Alternatively, the iden-
tification tag scanner may be installed in a place adjacent
to the main tank 3110. The identification tag scanner may
transmit identified lot information of the electrode slurry
to the controller 3200 so that the controller 3200 may
identify the lot information of the electrode slurry.
[0612] Identification of lot information of the electrode
slurry and allocation of lot information to individual tanks
by the controller 3200 may be performed by detecting a
signal of the opening/closing valve applied to the transfer
of the electrode slurry by the controller 3200. For exam-
ple, an electronic opening/closing valve such as a sole-
noid valve is installed at a connection pipe between the
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plurality of tanks 3100. The controller 3200 may detect
the transfer of electrode slurry corresponding to certain
lot information between tanks when the solenoid valve
is opened. Therefore, the controller 3200 may allocate
and record the lot information of the detected electrode
slurry per individual tank.

[0613] Asdescribedabove, the controller 3200 for con-
trolling the transfer of electrode slurry may identify certain
lot information of electrode slurry from the identification
tag scanner or based on an "open" signal from the sole-
noid valve, and allocate and record the identified lot in-
formation per individual tank. As shown in FIG. 53, such
lot information is allocated and recorded for each tank in
accordance with the flow of the electrode slurry through
a plurality of tank lines. Such lot information is sequen-
tially recorded up to the final supply tanks 3140 in ac-
cordance with the slurry transfer. Therefore, the control-
ler 3200 according to the present invention is capable of
identifying and detecting lot information of electrode slur-
ry at the final supply tank stage from which electrode
slurry is supplied to the coater, by referring to a history
of the lot information recorded for each individual tank.
[0614] A process of allocating and recording lot infor-
mation of electrode slurry for each tank will be described
in detail below.

[0615] FIG. 54 is a schematic diagram showing a proc-
ess of allocating and recording lot information of elec-
trode slurry according to the present invention.

[0616] In the present invention, the controller 3200 al-
locates and records lot information of the electrode slurry
for each tank according to a unique algorithm.

[0617] Although FIG. 53 shows that electrode slurry is
split and transferred to plural tanks, basically, the algo-
rithm of the controller 3200 is subjected to the transfer
of slurry with respect to one vertical tank transfer line.
Thatis, lotinformation of electrode slurry is allocated and
recorded based on an assumption that each of the main
tank 3110, the storage tanks 3120, the transfer tanks
3130, and the supply tanks 3140 is connected in series.
Lot information of the electrode slurry of the final supply
tanks 3140 may be known by understanding the flow of
the electrode slurry in tank transfer lines connected in
series.

[0618] Such a lot information allocation algorithm ap-
plied to a serial tank transfer line may also apply to split
electrode slurry lines. That is, in case the highest-level
tank, namely, the main tank 3110 is split into two storage
tanks 3120A and 3120B, the serial tank transfer line is
splitinto two tank transfer lines, i.e., i) an "A tank transfer
line" consisting of the storage tank 3120A of a main tank
3110-A, its lower-level transfer tank and supply tank, and
ii) a "B tank transfer line" consisting of the storage tank
3120B of a main tank 3110-B, its lower-level transfer tank
and supply tank. In this case, the lot information allocation
algorithm is applied to the A tank transfer line and the B
tank transfer line. If the electrode slurry is split again with-
in the A tank transfer line and the B tank transfer line, at
a certain mid-level tank (e.g., the transfer tanks 3130),
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the number of serial tank transfer lines may be increased
according to the split of the electrode slurry. The lot in-
formation allocation algorithm may also be applied to the
increased number of serial tank transfer lines to thereby
detect lot information at the final supply tank stage. Gen-
erally, electrode slurry is split and connected to tanks in
1:1 correspondence, and thus, the lot information alloca-
tion algorithm of the present invention is also applied
based on an assumption that the electrode slurry is split
in 1:1 correspondence.

[0619] Referring to FIG. 54, if lot information is allocat-
ed and recorded on a tank by the controller 3200, the lot
information allocated to the tank is maintained without
being updated when there is no history of introducing the
electrode slurry into a subsequent tank, and if electrode
slurry is additionally introduced from a higher-level tank
in a state there is no history of introducing the electrode
slurry into the subsequent tank, lot information of the ad-
ditionally introduced electrode slurry is additionally allo-
cated to the tank, in addition to the lot information allo-
cated to the tank.

[0620] Specifically, lot information allocated to a tank
is maintained without being updated when there is no
history of introducing electrode slurry into the next tank
(allocation principle 1).

[0621] It is assumed that electrode slurry of lot A is
introduced into the main tank 3110 at a stage before Case
1 of FIG. 54. Information of lot A is transmitted to the
controller 3200 by the identification tag scanner, and the
controller 3200 allocates the information of lot A to the
main tank 3110. Case 1 of FIG. 54 indicates that the
electrode slurry of lot A is introduced from the main tank
3110 to the storage tank 3120 and there is no history of
introducing electrode slurry into subsequent tanks (a
transfer tank and a supply tank). In this case, the infor-
mation of lot A allocated to the storage tank 3120 is main-
tained according to allocation principle 1.

[0622] If electrode slurry from a higher-level tank is in-
troduced in a state there is no history of injecting elec-
trode slurry into a subsequent tank, lot information of the
additionally introduced electrode slurry is additionally al-
located to the tank, in addition to the lot information allo-
cated to the tank (allocation principle 2).

[0623] In Case 2 of FIG. 54, when electrode slurry of
lot B is introduced into the storage tank 3120 in a state
the electrode slurry of lot A has been introduced into the
storage tank 3120, information of lot B is allocated to the
storage tank 3120 in addition to the information of lot A,
because slurry is not introduced from the storage tank
3120 into a subsequent tank (allocation principle 2).
[0624] The lot information allocation algorithm accord-
ing to the present invention further includes the following
allocation principles. The lot information allocated to a
tank is maintained without being updated if, although
there is a history of introducing electrode slurry into a
subsequent tank, electrode slurry is not introduced from
a higher-level tank (allocation principle 3).

[0625] Ifthereis a history of introducing electrode slur-
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ry into a subsequent tank and electrode slurry is intro-
duced from a higher-level tank, the lot information allo-
cated to the tank is updated with lot information of the
electrode slurry introduced from the higher-level tank (al-
location principle 4).

[0626] In Case 3 of FIG. 54, the electrode slurry of lot
Alis transferred to the transfer tank 3130 from the storage
tank 3120 to which the information of lot A has been al-
located. However, in this case, the information of lot A
allocated to the storage tank 3120 is not directly deleted
and is maintained according to allocation principle 3 be-
cause no slurry is introduced into the storage tank 3120
from the higher-level, main tank 3110.

[0627] In Case 4, if the electrode slurry of lot B is in-
troduced from the main tank 3110 into the storage tank
3120, the lot information of the storage tank 3120 is up-
dated (allocation principle 4). In this case, since there is
a history of introducing slurry into the transfer tank 3130
in Case 3 and electrode slurry is introduced into the stor-
age tank 3120 from the higher-level, main tank 3110 in
Case 4, allocation principle 4 applies and thus the lot
information of the storage tank 3120 is updated from lot
A to lot B.

[0628] Meanwhile, if the lot information of the addition-
ally introduced electrode slurry is additionally allocated
in addition to the lot information allocated to a tank, the
lot information allocated to the tank is deleted and only
the lotinformation of the additionally introduced electrode
slurry is maintained for the tank according to the first-in-
first-out principle (allocation principle 5).

[0629] This should be understood to mean that the
electrode slurry is transferred from Case 2 to Case 4.
[0630] If the information of lot A and the information of
lot B are allocated for the storage tank 3120 in Case 2,
the electrode slurry of lot A is transferred to the transfer
tank 3130 according to the first-in-first-out principle and
thus the information of lot A is deleted and only the infor-
mation of lot B is maintained, if the electrode slurry is
transferred from the storage tank 3120 to the transfer
tank 3130 as in Case 4.

[0631] The transfer of slurry between the storage tank
3120, the transfer tank 3130, and the supply tank 3140
that are located between the main tank 3110 and the
coater C may be described using allocation principles 1
to 5. Therefore, these allocation principles may be im-
plemented as an algorithm or a program, so that lot in-
formation may be allocated and recorded on each tank
and lot information of the final supply tank 3140 may be
known by referring to a history of the recorded lot infor-
mation. To this end, a program or software related to
allocation principles 1 to 5 may be installed in the con-
troller 3200 or the controller 3200 may be connected to
a storage device storing the software.

[0632] Referring to Case 5, slurry of lot A of Case 4 is
supplied from the transfer tank 3130 to the supply tank
3140. In this case, the information of lot A allocated to
the transfer tank 3130 is maintained according to alloca-
tion principle 3. Because lot information of the final supply
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tank 3140 is identified (detected) as lot A, the controller
3200 detects the lot information. The controller 3200 re-
ports the detected lot information to an MES.

[0633] While slurry is transferred from Case 4 to Case
6, the electrode slurry of lot B is additionally introduced
into the transfer tank 3130 from the storage tank 3120.
In this case, the information of lot B is allocated to the
transfer tank 3130 in addition to the information of lot A
according to allocation principle 2.

[0634] When it is assumed that slurry is being trans-
ferred from Case 5 to Case 7, the electrode slurry of lot
B is introduced into the transfer tank 3130 from the stor-
age tank 3120. This corresponds to allocation principle
4 and thus lot information allocated to the transfer tank
3130 is updated with lot B.

[0635] As described above, according to the present
invention, electrode slurry may be transferred, variable
lot information of each tank may be recorded, and lot
information of a final supply tank may be detected by
referring to a history of the lot information according to a
unique lot information allocation algorithm.

[0636] FIG. 55 is a schematic diagram showing a sys-
tem for supervising a secondary battery manufacturing
process according to another embodiment of the present
invention.

[0637] The controller 3200 of the system 3000 for su-
pervising a secondary battery manufacturing process ac-
cording to the present invention may record and manage
identification information of a higher-level tank, which in-
troduces electrode slurry into a final supply tank 3140, in
association with lot information of the electrode slurry
transferred to the final supply tank 3140.

[0638] According to the present invention, lot informa-
tion may be allocated and recorded for each tank that
transfers electrode slurry, and lot information of the sup-
ply tank 3140 may be identified/detected using an algo-
rithm of allocation principles 1 to 5 described above. De-
tails of the arrangement and design of a tank transfer line
including the storage tanks 3120, the transfer tanks 3130,
and the supply tanks 3140 between the main tank 3110
and the coater C are stored in the controller 3200 and
identification information (tank ID) of each tank of the
tank transfer line is also stored in the controller 3200.
[0639] The controller 3200 may allocate lotinformation
to each tank and record data of the lot information and
the identification information of each tank is input to the
controller 3200, and thus the identification information of
each tank may match the lot information input to each
tank. In particular, identification information of higher-lev-
el tanks for introducing electrode slurry into the final sup-
ply tanks 3140 may also be recorded and managed. Spe-
cifically, referring to FIG. 55(a), in a part indicated with a
box of broken lines, lot information of electrode slurry
introduced into each supply tank 3140 may be identified
using the allocation algorithm, and identification informa-
tion of transfer tanks, disposed at a higher-level than the
supply tanks 3140 may be recorded and managed by
matching the identification information with the lot infor-
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mation.

[0640] For example, in FIG. 55(a), at the stage of sup-
ply tanks, if electrode slurry of lot A and electrode slurry
of lot B diverge to storage tanks 3120A and 3120B, a
supply tank 3130AT that supplies top slurry of the elec-
trode slurry of lot A, a supply tank 3130AB that supplies
bottom slurry of the electrode slurry of lot A, a supply tank
3130BT that supplies top slurry of the electrode slurry of
lot B, and a supply tank 3130BB that supplies bottom
slurry of the electrode slurry of lot B can be identified. In
addition, tank IDs of transfer tanks 3130AT, 3130AB,
3130BT, and 3130BB, which introduce electrode slurry
into the supply tanks 3140AT, 3140AB, 3140BT, and
3140BB, may be recorded by the controller 3200 to cor-
respond to the supply tanks. Specifically, an ID of a trans-
fer tank may be recorded in association with an ID and
slurry lot information of a supply tank.

[0641] Alternatively, iflines of transfer tanks and supply
tanks are configured as shown in FIG. 55(b), a first trans-
fer tank 3131 may be connected to a first supply tank
3141 to introduce electrode slurry (a combination of a
first supply tank and a first transfer tank), and the first
transfer tank 3131 may be further connected to a second
supply tank 3142 to introduce electrode slurry (a combi-
nation of a second supply tank and the first transfer tank).
In addition, the second transfer tank 3132 may be con-
nected to a third supply tank 3143 to introduce electrode
slurry (a combination of a third supply tank and the sec-
ond transfer tank). According to the present invention,
information about an arrangement of each tank may be
identified from information about a tank transfer line
stored in the controller 3200, and lotinformation allocated
to each tank may be linked with the information about
the arrangement of each tank. Therefore, the controller
3200 may record and manage identification information
of a higher-level tank for introducing electrode slurry into
the final supply tanks in connection with lot information
of the electrode slurry of the final supply tank.

[0642] In addition, the present invention provides an
electrode slurry lot information tracking management
method which is a method of managing electrode slurry
lot information when electrode slurry is transferred from
a mixer M to a coater through a plurality of tanks con-
nected through pipes.

[0643] First, the lot information of the electrode slurry
supplied from the mixer M is identified and recorded. In
this case, an identification tag on an electrode slurry
transfer container (batch container) may be scanned at
the main tank 3110 to identify the lot information of the
electrode slurry. To this end, an identification tag scanner
may be provided at a side of the main tank 3110, and lot
information identified by the scanner may be transmitted
to and recorded by the controller 3200.

[0644] Next, when the electrode slurry is transferred
sequentially through the tanks 3100, lot information of
the electrode slurry supplied to each of the tanks 3100
is allocated and recorded for each of the tanks 3100. The
allocation and recording of the lot information may be



127

performed by the controller 3200 for transferring the elec-
trode slurry between tanks.

[0645] The allocation of the lotinformation may be per-
formed according to allocation principles 1 to 5 described
above.

[0646] Lastly, lot information of the final supply tank
3140 that supplies electrode slurry to the coater is de-
tected by referring to a history of the lot information re-
corded for each tank. The controller 3200 may identi-
fy/detect the lot information of the final supply tank 3140
by referring to the lot information recorded for each tank
according to allocation principles 1 to 5. The detected lot
information may be transmitted to an MES of a factory
to be used to control the quality of the electrode slurry,
manage electrodes and final products, and analyze caus-
es of defects.

[0647] According to the presentinvention, the control-
ler 3200 may identify the type of electrode slurry intro-
duced for each coater by detecting electrode slurry lot
information at the final supply tank stage. In addition, the
electrode slurry lot information may be transmitted to an
MES of a server or factory to be used for quality control
of electrodes and batteries. Specifically, if a defect such
as a defective exterior occurs in an electrode coated with
electrode slurry by a certain coater, the quality of the
electrode slurry may be tracked by identifying lot infor-
mation of the electrode slurry used for the electrode.
When a defect occurs in a battery as a final product, a
cause of the defect may be found by tracking lot infor-
mation of an electrode and electrode slurry. As already
discussed in detail above, a roll map is a useful tool ca-
pable of displaying a position of a moving electrode as
coordinate values in an electrode manufacturing process
and an assembly process. Process data for individual
processes of various processes performed on the moving
electrode may be matched with the coordinate values,
and a matching result may be displayed on the roll map.
Therefore, in a plurality of roll-to-roll processes, such as
a notching process of forming a tab on the electrode as
well as the electrode manufacturing process, such as a
coating process, aroll press process, or aslitting process,
it is possible to intuitively and easily analyze and manage
the quality of the electrode. In addition, since the elec-
trode may be displayed by being specified in units of co-
ordinate values, when the coordinate value is connected
to an identification mark (e.g., an electrode ID) indicating
a specific unit electrode, it is possible to easily analyze
and track quality change histories of the electrode and
an upper level assembly (e.g., an electrode assembly or
a battery cell, module, and pack including the electrode
assembly) including the electrode from the assembly
process, that is carried out after the electrode manufac-
turing process, to an activation process and following
processes of module/pack processes. In addition, when
aproblem subsequently occurs in the upper level assem-
bly, it is possible to identify a manufacturing history of a
specific electrode included in the upper level assembly
using the identification mark and the data of the coordi-
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nate values corresponding thereto. Therefore, it is pos-
sible to subsequently track quality. As a result, according
totherollmap, itis possible to easily analyze and manage
the quality of the manufacture target in all manufacturing
processes from the time of manufacturing an electrode
to a final manufacturing process of the battery pack.
[0648] In the roll map, coordinate values indicating a
position of an electrode are basically displayed on a pla-
nar surface (roll map bar) imitating the electrode, and the
coordinate values match process data of the electrode
manufacturing process or the notching process, and a
matching result is displayed. The process data is data
acquired according to the progress of a process per-
formed on the electrode in the electrode manufacturing
process or the notching process.

[0649] However, when the process data is actually
matched with the coordinate values of the roll map, there
is a case in which all of these data may not be displayed
on limited coordinates, e.g., when the number or amount
of data is too large. Furthermore, depending on the use
or purpose of a system for making up a roll map, there
may be acasein whichitis impossible to apply all process
data to the roll map. For example, a manufacturing exe-
cution system (MES) of a factory is designed mainly for
the purpose of managing the production of manufacturing
targets. Therefore, the MES includes software, a server,
a control device, and the like necessary for production
management. However, there is a limit to allocating the
server or the like of the MES to processing or storing data
for making up the roll map in addition to the production
management. When the MES uses more data processing
capacity than necessary in order to acquire and store
process data necessary for making up the roll map in
addition to the production management, which is the
main purpose of the MES, operation performance of the
MES itself may be reduce. Alternatively, an operation
speed of the rollmap may be reduced due to an excessive
data processing load.

[0650] To this end, one object of the invention is to
solve such aproblem. Itis one of the ideas of the invention
to solve this problem by dividing the roll map into a first
roll map and a second roll map.

[0651] FIG. 69 is a configuration diagram of a system
for monitoring and/or supervising a manufacturing proc-
ess of a battery, FIG. 70 is a schematic diagram showing
contents of making up a first roll map of an electrode
manufacturing process and a notching process, FIG. 71
is a schematic diagram of a visualization device included
in a first roll map make-up unit, and FIG. 72 is a data
flowchart of a further system of manufacturing a battery.
[0652] The system for monitoring and/or supervising a
manufacturing process of a battery will also be referred
to as system for manufacturing a battery or simply as
system, in the following.

[0653] The system for manufacturing a battery in-
cludes a first roll map make-up unit 6110 for making up
a first roll map RI, which includes data of coordinate val-
ues indicating a position of an electrode and sample proc-
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ess data, which is a subset of process data generated
according to the progress of plural processes (sub-proc-
esses) performed on the electrode, and matching coor-
dinate values, with respect to at least one of the plural
processes. The system further includes a second roll
map make-up unit 6120 for making up a second roll map
RIl, which includes the data of the coordinate values and
the sample process data of the first roll map and further
includes additional data associated with the sample proc-
ess data and matching the coordinate values, with re-
spect to at least one process.

[0654] Referring to FIG. 69, the first roll map make-up
unit 6110 makes up the first roll map Rlincluding the data
of the coordinate values indicating the position of the
electrode and only some data of the process data gen-
erated according to the progress of the processed per-
formed on the electrode and matching the coordinate val-
ues.

[0655] That s, the first roll map Rl includes only some
data, i.e., a predefined subset, of the process data ac-
quired while the sub-processes are performed. The in-
cluded subset of data is referred to as sample process
data.

[0656] The processdata includes atleast one of equip-
ment data acquired in each piece of process equipment,
process-related inspected and/or measured data ac-
quired in each process, and time-series data acquired in
each process.

[0657] The equipment data is data acquired from the
PLC 30 (equipment control device, for example, a PLC
unit) for performing each process. The PLC is a control
device configured for maintaining, managing, automati-
cally controlling, and monitoring a process system in
each process, such as an electrode manufacturing proc-
ess, an assembly process, an activation process, and
module/pack processes. The PLC, for example, may be
configured to control the driving of a motor required for
moving the electrode, the adjustment of a rotating speed
of the motor, and the like. Additionally or alternatively,
the PLC may be configured to control parameters re-
quired for each process. For example, the PLC may be
configured to control an electrode drying temperature
and/or an electrode temperature in the electrode coating
process and may adjustaroll press pressure and the like
in the roll press process. Therefore, the equipment data
may include all parameters controlled or managed by the
PLC 30 in each process.

[0658] In addition, the process data may include the
process-related inspected and/or measured data ac-
quired in each process. For example, in the electrode
coating process, an electrode slurry loading amount may
be measured, or reference points marked on the elec-
trode may be measured. In the roll press process, a thick-
ness of the electrode after pressing may be measured.
In addition, the exterior inspection device 12 (vision in-
spection device) or the like may be commonly adopted
in the coating process, the roll press process, the slitting
process, the notching process, and the like. As described
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above, the inspected and/or measured data includes all
data inspected or measured by a predetermined inspec-
tion device, measurement device, or inspection and
measurement device in each process. That is, the in-
spected and/or measured data includes operation results
and/or test results performed in each process. Generally,
as already discussed above, inspection and/or measure-
ment devices are provided for the respective sub-proc-
esses and are configured to inspect and/or measure an
electrode moving between an unwinder UW and a re-
winder RW and acquire inspected and/or measured data
specific to the respective sub-process to which the mov-
ing electrode is subject. The inspected and/or measured
data and, if applicable, the equipment data, may be
stored in a database as process data.

[0659] The process data may also include the time-
series data acquired in each process. For example, the
PLC may control the sequence of each process and the
overall flow of the process. Therefore, it is possible to
acquire events that occur according to the temporal flow
of the process or a data generation time point (acquisition
point). That is, the data (time-series data) on the data
generation time point may be obtained for all data ac-
quired in each process.

[0660] The process data is generated according to the
progress of the process performed on the electrode, and
the process data is acquired for each individual sub-proc-
ess.

[0661] Intherollmap, the process data is matched with
the data of the coordinate values indicating the position
of the electrode, and the roll map includes a visual imi-
tation of the electrode subject to the respective sub-proc-
ess, reflecting at least part of the acquired process data.
Hence, the roll map visualizes and displays a matching
result.

[0662] FIG. 70 shows a process of making up a first
roll map of the coating process, the roll press process,
and the notching process.

[0663] Such series of sub-processes may be per-
formed by a so-called roll-to-roll process in which an elec-
trode moves between an unwinder UW and a rewinder
RW.

[0664] Each process may be controlled by the PLC 30,
and the PLC 30 may control the driving of the unwinder
UW and the rewinder RW. The PLCs in each process
may be collectively referred to as an integrated PLC 30.
[0665] In the unwinder UW and/or the rewinder RW, a
position measurement device 20 configured to acquiring
coordinate values of a position of an electrode in a lon-
gitudinal direction may be provided. The position meas-
urement device may be configured to acquire the coor-
dinate values according to amounts of rotation of the un-
winder UW and the rewinder RW. For example, the po-
sition measurement device may include rotary encoders
20U and 20R. The rotary encoders 20U and 20R are
installed in a motor driving unit for driving the unwinder
UW and the rewinder RW to detect an electrode move-
ment distance according to the number of rotations
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(amount of the rotation) of a motor. Therefore, the posi-
tions of each electrode in the longitudinal direction ac-
cording to the electrode movement distance may be ac-
quired as coordinate values. The rotary encoder may di-
rectly transmit the acquired data of the coordinate values
to the first roll map make-up unit 6110 or transmit the
acquired data of the coordinate values to the first roll map
make-up unit 6110 through the PLC 30. Generally, the
system is configured, in particular, its position measure-
ment device, to acquire the data of the coordinate values
indicating the position of the electrode in each sub-proc-
ess.

[0666] In addition, in each roll-to-roll process, an in-
spection and/or measurement device 10 for inspecting
and/or measuring the electrode moving between the un-
winder and the rewinder is provided. The type or number
of inspection and/or measurement devices may be the
same or different as shown in FIG. 69. For example, in
the coating process, the electrode loading amount data
may be acquired by a loading amount measurement de-
vice 11. In the roll press process, thickness data of the
electrode may be acquired by a thickness measurement
device 14. In all processes shown in FIG. 69, an exterior
inspection device 12 may provided to acquire exterior
data of the electrode. As already indicated above, the
inspected and/or measured data acquired by the inspec-
tion and/or measurement device may be stored in a da-
tabase as process data for each sub-process.

[0667] Inaddition, as described above, the PLC 30 col-
lects the equipment data and the time-series data gen-
erated or acquired in each process.

[0668] The above-described process data may be con-
nected to the data of the coordinate values in advance
or matched in the first roll map make-up unit 6110.
[0669] Forexample, all process data acquired in each
sub-process may be transmitted to the PLC 30, and the
PLC may connect or map a subset of the process data
with the data of the coordinate values. Alternatively, de-
pending on the type of inspection and/or measurement
device 10, there is a case in which the inspection and/or
measurement device 10 itself connects or maps the data
of the coordinate values with the inspected and/or meas-
ured data in conjunction with the position measurement
device 20.

[0670] Meanwhile, coordinate values of the moving
electrode in a width direction may be acquired by the
inspection and/or measurement device 10.

[0671] Coordinate values of an electrode part for which
the inspected and/or measured data has been acquired
in the width direction may be acquired by the inspection
and/ormeasurementdevice 10. For example, the inspec-
tion and/or measurement device 10, such as the exterior
inspection device 12 shown in FIG. 69, may include a
program configured for scanning and inspecting the ex-
terior of the electrode in the width direction of the entire
electrode. Alternatively, the inspection and/or measure-
ment device 12 itself may be movably installed in the
width direction of the electrode. Alternatively, a plurality
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of inspection and/or measurement devices may be in-
stalled in the width direction of the electrode. Therefore,
the inspection and/or measurement devices 10 may ac-
quire the process data (e.g., the loading amount data or
the exterior defect data) on each point of the electrode
in the width direction and also acquire position data (co-
ordinate values) in the width direction for which the cur-
rent data has been acquired. Therefore, each inspection
and/or measurement device 10 may acquire both the co-
ordinate values in the longitudinal direction and the co-
ordinate values in the width direction of the electrode 1
for which the inspected and/or measured data has been
acquired and transmit the coordinate values to the first
roll map make-up unit 6110 to be described below.
[0672] The processdataacquired in each sub-process
may be matched with the data of the coordinate values
indicating the position of the electrode in the first roll map
make-up unit 6110.

[0673] The first roll map make-up unit 6110 may store
the acquired process data or include a database 41 in
which data on quality, dimensions, or the like of the elec-
trode are stored (see FIG. 71). In addition, the roll map
make-up unit 6110 may include a central processing unit
42 for processing the acquired data and instructing the
visualization device 43 provided in the first roll map make-
up unit6110 to visualize the data. Generally, the roll map
make-up unit 6110 may have the same configuration as
the roll map make-up unit described above referring to
Fig. 2.

[0674] The roll map make-up unit 6110 may include
the visualization device 43 for defining a visualization re-
gion to form the first roll map as a visual imitation of the
electrode 1 displaying coordinate values on the defined
region. The visualization device 43 may match the data
ofthe coordinate values with the process data and display
a matching result. The visualization device 43 may be
connected to the central processing unit 42 to visualize
and display the process data and the data of the coordi-
nate values according to instructions from the central
processing unit.

[0675] As shown in FIG. 71, the visualization device
43 may include an acquisition data input unit 43a, a roll
map coordinate identifier 43b, and an image generator
43c.

[0676] First, the acquisition data input unit 43a may
receive data from the central processing unit 42.

[0677] The roll map coordinate identifier 43b may de-
fine the visualization region to form the roll map and de-
fine coordinate values of pixels within the visualization
region for each data element of the acquired source data,
i.e., the process data. In this case, when data on speci-
fications, such as a lot number, a length, and a width of
the electrode roll, is input to the controller 30, the data-
base, a server (not shown), or the like by registering in-
formation on the electrode roll, the roll map coordinate
identifier 43b may calculate and determine the visualiza-
tion region of the roll map according to a predetermined
conversion scale from data on a size of the electrode 1.
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Alternatively, the roll map coordinate identifier 43b may
also calculate and determine the visualization region of
the roll map according to the predetermined conversion
scale from the above-described data of the coordinate
values of the electrode 1 in the longitudinal direction and
the width direction.

[0678] The roll map coordinate identifier 43b may map
the acquired inspected and/or measured data, or gener-
ally the process data, with the data of the coordinate val-
ues of the electrode 1 (in the width direction and the lon-
gitudinal direction) and allocate the mapped data on the
visualization region (roll map) according to the coordi-
nates of the pixels.

[0679] The image generator 43c may express the
mapped data elements allocated to the coordinates of
each pixel in the visualization region as at least one leg-
end. Therefore, the first roll map Rl according to the
present disclosure may be generated by implementing
the process data to be visually displayed at coordinates
of pixels (coordinates on the first roll map) corresponding
to each position data (data of the coordinate values) of
the actual electrode 1 in a shape, form, or color desig-
nated for each data in the visualization region called the
roll map by the image generator 43c.

[0680] The first roll map make-up unit 6110 may be,
for example, a data processing system, such as an MES,
or one component of the system. Alternatively, the first
roll map make-up unit 6110 may be software having op-
erating logic of the data processing system, hardware
including the corresponding software, a mechanical de-
vice, or the like.

[0681] In the electrode 1 manufacturing process, an
electrode MES for managing a series of electrode man-
ufacturing processes, such as coating, roll press, and
slitting, may be provided, and the electrode MES or one
component of the electrode MES may become the first
roll map make-up unit 6110 in the electrode manufactur-
ing process.

[0682] In addition, inthe assembly process, an assem-
bly MES may be provided, and the assembly MES or one
component of the assembly MES may become, for ex-
ample, a first roll map make-up unit 6110’ in the notching
process.

[0683] The first roll map RI of each process may be
made up by the MES.

[0684] For example, under the MES environment, itis
difficult to use all of the process data to make up the first
roll map RI for the original operation of the MES. When
the amount or number of process data is large, it may
affect the operation of the MES itself or may consume a
lot of time to match data for making up the roll map, there-
by reducing an operation speed of the roll map.

[0685] In order to solve this problem, the roll map in-
cludes only some of the process data. That is, a first roll
map Rl is made up using sample process data being a
subset of data of the process data. The sample data may
be, for example, at least one of a representative value of
specific process data, an average value, and a determi-
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nation value based on the process data.

[0686] Forexample, when the electrode movesineach
sub-process, a temperature of the electrode may vary
depending on the position of the electrode. Alternatively,
the electrode loading data in the coating process and the
electrode thickness data in the roll press process may
be acquired over a specific section or entire section of
the electrode. When the entire data (raw data) is sent
directly to the first roll map make-up unit 6110 or 6110,
the making-up of the roll-map is delayed as a huge quan-
tity of data is to be processed, and the operation of the
first roll map make-up unit 6110 or 6110’ or the system
including the same may be overloaded. Tn order to avoid
this, when the roll map is initially made up, the first roll
map RI is made up by matching only the subset of the
process data forming the sample process data with the
data of the coordinate values of the electrode. That is,
when only important or small-sized data among the proc-
ess data is selected and matched with the data of the
coordinate values, the first roll map Rl may be quickly
made up without applying a large load to the system.
Thus, computational resources can be saved.

[0687] For example, thousands of raw data sets may
be generated just by scanning the above-described load-
ing amount data and thickness data once by a predeter-
mined measurement device. When scanning the loading
amount data and the thickness data thousands of times,
the number of data increases exponentially. Therefore,
when an average value of specific data is obtained and
the average value is displayed on the first roll map R,
the amount of data to be processed can be greatly re-
duced. Alternatively, it is possible to obtain the same ef-
fect by displaying only representative values capable of
representing a plurality of loading amount data or thick-
nessdata. Forexample, atleast one of a maximum value,
a minimum value, a median value, and the like of the
specific data may be determined as the representative
values for the respective sub-process. Statistically or ac-
cording to the quality characteristics of the electrode, a
value well indicating the attribute of the specific data may
be determined as the representative value.

[0688] Inaddition, after determining the quality of a plu-
rality of pieces of data, only a determination value deter-
mined to be outside a predefined range, i.e., defect, or
to be within a predefined range, i.e., good, may be dis-
played on the first roll map RI. One or more of the rep-
resentative value, the average value, and the determi-
nation value may match the coordinate values, and a
matching result may be displayed on the roll map. In this
case, some datamay be displayed over the entire section
of the roll map bar imitating the electrode or may also be
displayed only in some sections.

[0689] The sample process datamay be a specific type
of data among the process data. For example, only the
inspected and/or measured data among the time-series
data, the equipment data, and the inspected and/or
measured data may be selected as the sample process
data to be displayed on the roll map, and the remaining
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data may not be selected for being displayed. Alterna-
tively, only exterior data of the electrode among the in-
spected and/or measured data may be selected as the
sample process data to be displayed, and the remaining
data may not be selected for being displayed. That is,
the sample process data displayed on the first roll map
RI may be include a subset of one or more types of data
among the process data or may be a subset of data ex-
tracted from the specific data, such as a representative
value of selected specific data.

[0690] ReferringtoFIG. 72, the flow of the sample proc-
ess data is indicated by a dotted line. In FIG. 72, the first
roll map make-up unit 6110 (e.g., the electrode MES) of
the electrode manufacturing process (coating, roll press,
or slitting process) is positioned to be connected to the
PLCs 30 of each process, and the first roll map make-up
unit 6110’ (e.g., the assembly MES) is positioned to be
connected to the PLC 30 of the notching process. The
electrode MES and the assembly MES are combined to
form the first roll map make-up units 6110 and 6110’ as
described above. Among the process data, a subset of
data of the time series data and the equipment data are
each transmitted to the first roll map make-up units 6110
and 6110’ as sample process data. In addition, a subset
of data of the inspected and/or measured data acquired
from various inspection and/or measurement devices 10
are transmitted to the first roll map make-up units 6110
and 6110’

[0691] FIG. 73 shows the first roll map RI. That is, a
state displayed by varying a color, a contrast, a hatching,
or the like in a specific section of the first roll map RI
indicates an average value, a representative value, a de-
termination value, or the like in the specific electrode sec-
tion or the entire electrode section. Therefore, it is pos-
sible to intuitively and easily identify the state of the elec-
trode in the corresponding process.

[0692] As shown in FIG. 73, the system for manufac-
turing a battery includes the data of the coordinate values
and sample process data of the first roll map Rl and in-
cludes the second roll map make-up unit 6120 for making
up the second roll map Rl further including the additional
data.

[0693] The additional data may include at least one of
image data of an electrode, raw data acquired for a spe-
cific section or the entire section of the electrode, proc-
essed data of the process data, and processed data of
the raw data. That is, the second roll map RIl may be
made up by adding mainly large-size data to the first roll
map RI.

[0694] Sincethe image data generally has a large size,
the image data may be stored in a separate server 6330
as additional data, loaded from the server 6330, as nec-
essary, and displayed on the first roll map RI. In addition,
by also loading all raw data of a specific parameter (e.g.,
a thickness of an electrode), for example, by comparing
the all raw data with average value data of the parameter,
it is possible to identify a change trend of the correspond-
ing parameter.
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[0695] In addition, the processed data of the process
data or the processed data of the raw data may also be
used as the additional data. For example, the loading
amount may also be simply displayed in color or contrast,
but may be displayed graphically or by being processed
as a graph so that loading amounts for each electrode
lane and each electrode surface may be clearly displayed
at a glance. Alternatively, as necessary, the loading
amount may be displayed together with aloading amount
according to a width of the electrode or displayed in con-
nection with another parameter, such as mismatch. As
described above, data obtained by visually and statisti-
cally processing data or processing data to another form
for quality analysis and control may be determined as
additional data and displayed on the second roll map RII.
In this case, a predetermined program for processing da-
ta may be provided in the second roll map make-up unit
6120. Alternatively, the program is provided in the serv-
ers 6310 and 6320 for storing the raw data and the like,
and the server may process the additional data and also
match the data processed by the second roll map make-
up unit 6120 with the data of the coordinate values and
display a matching result.

[0696] Alternatively, the second roll map RIl may be
made up by adding other types of data (e.g., the time
series data or the equipment data) to the first roll map RI
as the additional data in addition to the sample process
data including some types of data (e.g., the inspected
and/or measured data) among the process data.
[0697] The added data may be associated with the
sample process data and matched with the coordinate
values. For example, when the average value of the load-
ing amount data is displayed on the first roll map RI, the
second roll map RIl may be made up by displaying the
entire raw data of the loading amount data in the elec-
trode section of the corresponding coordinate values. Al-
ternatively, when exterior defects are displayed on the
first roll map RI, the second roll map RIl may be made
up by loading an exterior image corresponding to a co-
ordinate value or a coordinate range of the exterior de-
fect.

[0698] Alternatively, the time-series data indicating a
time point at which the corresponding data has been ac-
quired may be loaded at the coordinate value for which
inspected and/or measured data has been acquired and
displayed on the second roll map RII.

[0699] Alternatively, among the equipment data, pa-
rameters related to the loading amount or the thickness
of the electrode, for example, electrode temperature data
may be loaded and displayed on the second roll map RII
in connection with the corresponding data.

[0700] As described above, the second roll map RII
may be made up by displaying a small-sized subset of
the process data on the first roll map Rl as sample proc-
ess data and a large-sized set of additional data associ-
ated with the sample process data in relation to the first
roll map RI.

[0701] The second roll map make-up unit 6120 may
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be another component of the above-described MES sys-
tem. For example, the additional data may be processed
and displayed by adding a large-capacity server in the
MES. Alternatively, the second roll map make-up unit
6120 may be a system separate from the first roll map
make-up unit 6110 or an upper level control system. For
example, the SPC or one component of the SPC may be
used as the second roll map make-up unit 6120. Here,
the SPC is a management method or system of efficiently
operating a process in a statistical method to achieve the
quality or productivity target required in the process. In
this case, the first roll map Rl may be made up by match-
ing the data of the coordinate values with the sample
process data in the first roll map make-up unit 6110, and
the second roll map RIl may be made up by matching
the additional data with the coordinate values of the first
roll map RI in the second roll map make-up unit 6120,
which is the SPC. The first roll map make-up unit 6110
may transmit or receive data to and from the second map
make-up unit 6120, and thus data (the coordinate values,
some data, or the first roll map itself) of the first roll map
Rl is sent to the second roll map make-up unit 6120. The
second roll map RIl includes the data of the first roll map
RI and additional data. Similar to the first roll map RI
make-up unit, the second roll map make-up unit 6120
may also include a database, a central processing unit,
and a visualization device.

[0702] In FIGS. 69 and 72, the sample process data
sent to the first roll map make-up unit 6110 is indicated
by dotted lines, and the additional data sent to the second
roll map make-up unit 6120 is indicated by solid lines.
[0703] In orderto schematically illustrate the electrode
manufacturing process, FIG. 69 shows that the electrode
moves between one unwinder UW and one rewinder RW.
However, actually, a plurality of sub-processes in which
a plurality of unwinders and rewinders are provided may
be performed. FIG. 72 shows the simplified flow of cor-
responding data when the plurality of sub-processes are
performed in time-series.

[0704] A separate server 6300 may be provided to
store additional large-size data. For example, a first serv-
er 6310 may be provided to store the additional data of
the electrode manufacturing process excluding image
data. Alternatively, a second server 6320 dedicated for
storing the image data may be provided. In addition, a
third server 6330 may be provided to store the additional
data in the notching process. As shown in FIG. 72, in
order to store all additional data other than the image
data, the first server and the third server 6310 and 6320
may also be integrated.

[0705] The servers maybe connected to the controllers
(PLCs) 30 and inspection and/or measurement devices
10 controlling the respective sub-process to store the ad-
ditional data. In addition, the servers may transmit the
data received from the controllers 30 and the inspection
and/or measurement devices 10 to the second roll map
make-up unit 6120. As described above, the flow of the
additional data is indicated by solid lines in FIGS. 69 and
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72.

[0706] The second roll map make-up unit 6120 makes
up the second roll map RII by displaying the additional
data on the first roll map RI. The first roll map Rl and the
second roll map RIl are made up for at least one of the
sub-processes. When plural sub-processes are per-
formed, it is necessary to perform quality control and
tracking according to the position of the electrode by
matching the data of the coordinate values of the roll map
between the preceding and following sub-processes. To
this end, as will be described below, the system 6000 for
manufacturing the battery may include a roll map match-
ing unit 6200.

[0707] FIGS. 73 and 74 show examples of the first roll
map RI and the second roll map RII.

[0708] FIG. 73 shows the first roll map Rl imitating two
electrode lanes L1 and L2. The data of the coordinate
values is displayed at a lower end of the first roll map RI
and matches each coordinate value to display exterior
and loading amount data of the electrode by varying a
contrast or a hatching.

[0709] The additional data on the specific section of
the first roll map Rl is displayed at a lower left end of the
first roll map RI. Detailed data on loading amount-mis-
match-electrode width is displayed for two electrode
lanes at the lower left end of the first roll map RI. In ad-
dition, detailed images of the exterior defect at a specific
place of the first roll map Rl are displayed at a lower right
end of the first roll map RI. The first roll map Rl is made
up by the first roll map make-up unit 6110. Including the
first roll map RI shown in the upper part of FIG. 73, the
additional data shown in the lower part thereof is added
by the second roll map make-up unit 6120, and to this
end, the second roll map make-up unit 6120 may be con-
nected to the first server 6310 and the second server
6330 to make up comprehensive information (i.e., the
second roll map RII) in which required additional data is
connected to the coordinate value and some data of the
first roll map RI.

[0710] The upper part of FIG. 74 shows the first roll
map RI displaying the loading amount data by varying a
hatching with respect to the top and back surface of the
electrode. The coordinate values are displayed at the
lower end of the first roll map RI. The processed data on
the loading amounts for the top and back surfaces proc-
essed as a graph is displayed under the first roll map RI.
Therefore, a change in the loading amount according to
the length of the electrode can be identified easier.
[0711] Meanwhile, FIGS. 69 and 72 show an electrode
material that is input into the electrode coating process
from a mixer. That is, the material is input into a coater
from the mixer in the coating process for manufacturing
the electrode. In this case, at least one of the following
data may be sent to the PLC in the coating process:

1) Data on specifications of the input material for
manufacturing the electrode;
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2) Process data for a mixing process of the input
material; and

3) Path data on a moving path through which the
mixed input material is moved to the electrode coat-
er.

[0712] Referring to FIG. 53, a plurality of tanks 3100
are disposed between the mixer M and the coater.
[0713] Specifically, the specifications of the input ma-
terial for manufacturing the electrode may be lot informa-
tion of an electrode slurry produced in the mixer, a batch
ID of a batch container, or the like. The data on the spec-
ifications of the input material for manufacturing the elec-
trode may be displayed in a barcode or other expression
format on a conveying tool introduced into the mixer or
a slurry batch container moving from the mixer to the tank
(main tank).

[0714] Inaddition, the process data for the mixing proc-
ess of the input material may include equipment data
acquired by a mixing controller in the mixing process and
inspected and/or measured data of the mixing process.
[0715] In addition, as shown in FIG. 53, the moving
path from the mixer to the coater may be a plurality of
tank moving paths disposed between the mixer and the
coater. Data on the path may be acquired by a controller
for detecting electrode slurry lotinformation shown in and
described with reference to FIG. 53.

[0716] The system 6000 for manufacturing the battery
may be connected to the mixer controller and a slurry lot
information detection controller to display the above-de-
scribed data on the input material on the first roll map Rl
or the second roll map RII.

[0717] Therefore, the data on the input material for
manufacturing the electrode may be matched with the
coordinate values of the first roll map Rl and the second
roll map RII by the first roll map make-up unit 6110 or the
second roll map make-up unit 6120.

[0718] Meanwhile, specifications, such as a lot
number, a length, and a width of a current collector roll
(coating process) or an electrode roll (roll press, slitting,
or notching process) coated with the electrode slurry may
also be sent to the first and second roll map make-up
units 6110 and 6120 and matched with the coordinate
values of the roll map and other process data.

[0719] As a result, data on all sub-processes from the
electrode manufacturing (coating, roll pressing, or slit-
ting) process by the mixing of the input material for man-
ufacturing the electrode, the movement of the input ma-
terial, such as slurry, and the input material to the notch-
ing process may be displayed on the first roll map Rl and
the second roll map RII. Therefore, it is possible to easily
perform quality control and tracking of all processes from
the mixing to the notching.

[0720] Meanwhile, the system 6000 may include the
roll map matching unit 6200 for matching the coordinate
values of the first roll map Rl or the second roll map RII
between consecutive ones of the plurality of sub-proc-
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esses.
[0721] Specifically, the system includes the roll map
matching unit 6200 for performing at least one of the fol-
lowing operations:

i) Matching the coordinate values of the first roll map
RI of a first sub-process with the coordinate values
of the first roll map RI of a second sub-process that
is performed directly following to the first sub-proc-
ess so that an actual electrode represented by the
first roll map RI of the first sub-process corresponds
to an actual electrode represented by the first roll
map RI of the second sub-process; and

ii) Matching the coordinate values of the first roll
maps RI of each sub-process with the coordinate
values of the first roll map RI of a final sub-process
so that an actual electrode represented by the first
roll map RI of the final sub-process among the plu-
rality of sub-processes corresponds to an actual
electrode represented by the firstroll maps Rl of each
sub-process performed before the final sub-process.

[0722] Additionally or alternatively, the system in-
cludes the roll map matching unit 6200 for performing at
least one of the following operations:

i) Matching the coordinate values of the second roll
map RII of the first sub-process with the coordinate
values of the second roll map RIl of the following
second sub-process so that an actual electrode rep-
resented by the second roll map RII of the first sub-
process corresponds to an actual electrode repre-
sented by the second roll map RIl of the second sub-
process; and

ii) Matching coordinate values of the roll maps of
each sub-process with the coordinate values of the
second roll map RII of a final sub-process so that an
actual electrode represented by the second roll map
RII of the final sub-process among the plurality of
sub-processes corresponds to an actual electrode
represented by the second roll map RII of each sub-
process performed before the final process.

[0723] As described above, the roll map matching unit
6200 may match the coordinate values of the first roll
map RI or the coordinate values of the second roll map
RIl of the preceding and following sub-processes, the
final process, or each process and compare pieces of
information on each process based on the same actual
electrode. This will be described below.

[0724] Referring to FIG. 75, a method for monitoring
and/or supervising of a manufacturing process of a bat-
tery includes making up a first roll map RI, which includes
data of the coordinate values indicating a position of an
electrode and sample process data being a subset of the
process data matched with the coordinate values and
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generated according to a proceeding one of the sub-proc-
esses performed on the electrode, for at least one sub-
process (S201), storing additional data associated with
sample process data (S202), and making up a second
rollmap RII, which includes the additional data in addition
to the data of the coordinate values and the sample data
of the first roll map RI, for at least one sub-process by
matching the additional data with the coordinate values
(S203). The method for monitoring and/or supervising of
amanufacturing process of a battery may also be referred
to as method for manufacturing a battery or simply as
method.

[0725] As described above, in each process, the data
of the coordinate values and the process data are ac-
quired by a position measurement device, such as a ro-
tary encoder, a PLC, or an inspection and/or measure-
mentdevice. The position measurementdevice, the PLC,
and inspection and/or measurement device may, for ex-
ample, form part of a data recording unitwhich, generally,
is configured to acquire process data of the sub-process-
es of the manufacturing process of the battery. The data
of the coordinate values and the process data are made
up as the first roll map Rl by a predetermined coordinate
conversion and visualization tool in the first roll map
make-up units 6110 and 6110’, which is the MES or one
component of the MES. In this case, in order to reduce
a data processing capacity of the first roll map make-up
unit, only the subset of the process data included in the
sample process data, such as a representative value, an
average value, and a determination value, are matched
with the coordinate values of the respective sub-process.
[0726] The additional data associated with the sample
process data is stored by the server 6300 by the PLC or
the inspection and/or measurement device. The server
may be provided within the first roll map make-up units
6110 and 6110’ or provided separately from the first roll
map make-up unit 6110. A plurality of servers may be
provided according to the type of data to be added.
[0727] The additional data stored in the server may be
matched with the coordinate values of the first roll map
RI and displayed on the first roll map RI or separately
from the first roll map RI. A roll map including the data of
the coordinate values and the sample process data of
the first roll map RI and the additional data is referred to
as the second roll map RII. The second roll map make-
up unit 6120 may be an upper level control system sep-
arately from the first roll map make-up unit 6110 or one
component of the system. The second roll map make-up
unit 6120 may be connected to the server in which the
additional data is stored to receive the additional data
from the corresponding server and make up the second
roll map RII.

[0728] A first roll map and, optionally, also a second
rollmap may be made up for each sub-process. However,
in the roll-to-roll process, since the electrode wound in
the preceding process is unwound in the following proc-
ess, the start and end portions of the electrode are re-
versed by going through the roll-to-roll processes. Thus,
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in the visual representation of the electrode included in
the roll map, the end portion of the representation of the
electroderollforthe preceding process becomes the start
portion of the representation of the electrode roll for the
following process. In addition, in the case of a double-
sided electrode in which an electrode active material is
coated on both side surfaces of the electrode, the sur-
faces of the electrode may be reversed such as the top
electrode of the preceding process becoming the back
electrode in the following process. That is, the start/end
reversal and the surface reversal of the electrode may
occur according to the winding direction of the electrode
in the preceding process and the unwinding direction of
the electrode in the following process. Since the roll maps
of each process are made up based on the reversed elec-
trodes, the coordinates of the roll maps of each process
are also reversed. Furthermore, the length of the elec-
trode may be changed through the series of roll-to-roll
processes, e.g., when the electrode is cut in the longitu-
dinal direction to remove a defect section or a broken
section and connected several times through the series
of roll-to-roll processes. Since the roll maps of each sub-
process reflect such reversal and a change in length,
coordinate values are different in each roll map.

[0729] In the final process (e.g., the notching process)
of the electrode manufacturing process, only the remain-
ing electrodes (survival electrodes) excluding the elec-
trode parts removed in the previous process are left.
Since a battery is manufactured with the survival elec-
trodes, when a problem occurs in a finished or semi-fin-
ished battery, it is possible to track the cause of the prob-
lem with reference to the roll map of the final electrode.
In addition, it is possible to reversely track the electrode
part, which has caused the problem, with reference to
the above-described roll maps of each process.

[0730] However, as described above, since the start
and end portions and/or the surfaces of the electrode are
reversed and the length is changed in the series of roll-
to-roll processes, the coordinates of the roll maps of each
sub-process do not match each other. Therefore, even
when the roll maps are made up for each sub-process,
it is difficult to track the cause of the occurrence of the
problem compared to a roll map of a final survival elec-
trode.

[0731] In order to solve the above problems, there is
provided the system for monitoring and/or supervising a
manufacturing process of a battery capable of easily
identifying the data on quality or defects of the survival
electrode left in the final process by matching the coor-
dinate values of the roll maps of the preceding and fol-
lowing processes or matching the coordinate values of
the roll maps of each process with the coordinate values
of the final process in the series of roll-to-roll processes.
The system for monitoring and/or supervising a manu-
facturing process of a battery will also be referred to as
system for manufacturing a battery or simply as system,
in the following.

[0732] FIG. 76 is a schematic diagram of a roll map



143

matching unit included in a system for manufacturing a
battery, FIG. 77 is a schematic diagram showing a roll
map length and coordinate axis matching process by the
roll map matching unit, and FIG. 78 is a schematic dia-
gram showing surfaces of an electrode that are reversed
between the preceding and following processes.
[0733] The system 6000 includes a roll map make-up
unit 6100 for making up a roll map, which includes data
of the coordinate values indicating a position of an elec-
trode and process data generated according to a first or
proceeding sub-process of a plurality of sub-processes
performed on the electrode and matching the coordinate
value, for each sub-process, and a roll map matching
unit 6200 for performing at least one of the following op-
erations:

i) Matching the coordinate values of the roll map of
the first or preceding sub-process with the coordinate
values of the roll map of the following or second sub-
process following directly to the first process so that
the visual imitation of the electrode included in the
rollmap of the firstor preceding process corresponds
to the visual imitation of the electrode included in the
roll map of the following or second sub-process; and

ii) Matching the coordinate values of the roll maps
of each sub-process with the coordinate values of
the roll map of the final sub-process so that the visual
imitation of the electrode included in the roll map of
the final sub-process among the plurality of sub-
processes corresponds to the visual imitation of the
electrode included in the roll maps of each sub-proc-
ess carried out before the final sub-process.

[0734] As described above, the data of the coordinate
values may be acquired by the position measurement
device 20, such as arotary encoder. In addition, the proc-
ess data may be acquired by the PLCs 30 and the in-
spection and/or measurement devices 10 of each sub-
process. The roll map make-up unit 6100 makes up the
roll map, generally, by matching the process data to the
data of the coordinate values (see FIG. 70). To this end,
the roll map make-up unit 6100 may include a database,
a central processing unit, and a visualization device (see
FIG. 71).

[0735] As described above, the process data may in-
clude at least one of equipment data acquired in each
piece of process equipment, process-related inspected
and/or measured data acquired in each sub-process, and
time-series data acquired in each sub-process.

[0736] Meanwhile, the roll map make-up unit6100 may
include the first roll map make-up unit 6110, the second
roll map make-up unit 6120, or both the first roll map
make-up unit 6110 and the second roll map make-up unit
6120 as shown in FIG. 69 and described in detail above.
That is, the roll map make-up unit 6100 may include the
first roll map make-up unit 6110 for making up the first
roll map Rl including the data of the coordinate values
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indicating the position of the electrode and the sample
process data being a subset of the process data gener-
ated in the respective sub-processes performed on the
electrode and matched with the coordinate values.
[0737] Inaddition, the roll map make-up unit 6100 may
further include the second roll map make-up unit 6120
for making up the second roll map RIl including the data
of the first roll map RI and further including the additional
data associated with the sample process data and
matched with the coordinate values (see FIGS. 69 and
72).

[0738] Since the first roll map make-up unit 6110 and
the second roll map make-up unit 6120 have been de-
scribed above, detailed descriptions thereof will be omit-
ted.

[0739] The roll map make-up unit 6100 may make up
at least one of an absolute coordinate roll map displaying
coordinate values of an electrode part removed during
therespective sub-processes, between the sub-process-
es, and after a final sub-process together with a survival
electrode part excluding the removed electrode part in
one rollmap, and arelative coordinate roll map displaying
only the coordinate values of the survival electrode part
excluding the removed electrode part in the roll map.
[0740] The absolute coordinate roll map is shown at
the uppermost end in each of Figs. 70A, 70B, 70C, and
the relative coordinate roll map is shown directly below.
Thatis, an absolute coordinate roll map R1 of the coating
process is shown on the upper end of FIG. 70A, and a
relative coordinate roll map r1 is shown thereunder.
[0741] An absolute coordinate roll map R2 of the roll
press process is shown on the upper end of FIG. 70B,
and arelative coordinate roll map r2 is shown thereunder.
An absolute coordinate roll map R3 of the notching proc-
ess is shown onthe upperend of FIG. 70C, and arelative
coordinate roll map r3 is shown thereunder.

[0742] Since the relative coordinate roll maps r1, r2,
and r3 represent or include a visual imitation of the sur-
vival electrodes that have survived after the correspond-
ing sub-process has ended, the relative coordinate roll
maps r1, r2, and r3 become roll maps representing actual
electrodes.

[0743] In the coating process of FIG. 70A, a roll map
of an electrode with a total length of 1200 m is shown.
Reference points M are marked at points of 300, 600,
and 900 meters, which are 25%, 50%, and 75% points
of the electrode, and each of the reference points M is
displayed in the roll map at the corresponding coordinate
values based on data detected by a reference point
measurement device 12. The reference point measure-
ment device 12 is configured to detect positions of the
reference points and may, for example, be provided as
one of the inspection and/or measurement devices of a
recording unit of a roll map make-up apparatus as ex-
plained above, for example, by reference to Figs. 2 to 4.
In addition, the loading amount is also displayed in the
roll map by varying a contrast over the corresponding
coordinate section. However, a section v displayed in
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white without contrast means a section not inspected by
the loading amount measurement device 11. When the
electrode moves in the roll-to-roll process, a section in
which the inspection device may not acquire data may
occur due to various causes, such as fluctuation of the
electrode, sensitivity of the inspection device, problems
in data communication, or similar.

[0744] Meanwhile, coordinates of right ends of the roll
maps R1 and r1 have coordinate values of zero as start
portions and coordinates of left ends thereof have coor-
dinate values of 1200 meters as end portions. The wind-
ing of the rewinder RW starts at the start portion, and an
encoder value (coordinate value) of the rewinder RW at
this time is zero. When the winding is ended, the encoder
value of the rewinder becomes 1200. However, when the
electrode 1 was wound by 1100 meters, the end of the
electrode was actually cut by 100 meters. As described
above, cutting the electrode after rolling the electrode is
completed is referred to as "removal after completion."
Meanwhile, cutting the defect section or the like and con-
necting the electrode 1 during the corresponding process
is referred to as "current process removal." The roll map
also displays information on a change in length of the
electrode. Such a change in length of the electrode may
be identified by detecting (inspecting) a change in dis-
tance between the reference points M. The absolute co-
ordinate roll map R1 also displays the electrode with the
length of 100 meters removed after completion, but the
relative coordinate rollmap r1 displays only the remaining
electrodes (survival electrodes) excluding the removed
electrode. In the relative coordinate roll map, the end
portion of the electrode is expressed as 1100 meters.
[0745] Since the end portion of the electrode was re-
moved by 100 meters at the end of the coating process
or after the coating process was completed, the coordi-
nate value of the end portion of the absolute coordinate
roll map R2 of the roll press process was also 1100 me-
ters. In addition, since the start and end portions of the
electrode roll of the coating process and the roll press
process were reversed, the coordinates of the roll map
of the roll press process were also reversed. Therefore,
the coordinate value of the reference point M of the coat-
ing process and the coordinate value of the reference
point M of the roll press process were also changed. In
addition, the coordinates of the star point were also
changed from (650, 0.4) to (450, 0.2) according to the
start/end reversal. In the roll press process, a section
between 800 to 1000 meters marked as the defect sec-
tion NG in the coating process, which is the sub-process
carried out on the electrode preceding to the roll press
process, was reversed to become a section between 100
to 300 meters. The defect section is removed from a table
t of a defect section processing port and discarded to the
defect removal port P (scrap port).

[0746] The matters onthe removalofthe defectsection
NG may be reported to the PLC 30 and the roll map make-
up unit 6100 via input device 60, e.g., by manually en-
tering respective data of the electrode into the input de-
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vice 60. Since the defects in the section between 100 to
300 meters were removed, the point M at 200 meters,
which was the reference point in the defect section, was
also removed.

[0747] Only coordinates of the survival electrode left
after the defect sections have been removed are dis-
played on the relative coordinate rollmap r2 in FIG. 70B.
[0748] In the notching process, an electrode tab is
formed by punching the electrode moving in the roll-to-
roll state using a punching tool BM. In addition, the ref-
erence point measurement device 12 may be provided
to check a change in length of the electrode before and
after the notching process or during the notching process.
[0749] In the notching process, to which the electrode
is subject after the roll press process, a start/end reversal
of the electrode 1 occurs again. Therefore, the coordi-
nates of the star were re-changed from (450, 0.2) to (600,
0.4). In addition, the end portion of the electrode was
removed by 100 meters after notching. The coordinates
of the removed electrode part are displayed on an abso-
lute coordinate roll map R3 of the notching process to-
gether, but only the coordinates of the roll map of the
remaining survival electrodes are displayed on a relative
coordinate roll map r3. Through the coating process, the
roll press process, and the notching process, a part of
the electrode was removed a total of four times. There-
fore, as can be seen, a length of the electrode changed
from 1200 meters in the beginning to a final length of 750
meters.

[0750] Meanwhile, in the notching process, unlike the
coating process or the roll press process, it is not neces-
sary to separately make up the roll maps of the top and
back surfaces of the electrode. In the notching process,
only punching is performed without performing any spe-
cial treatment on the top and back surfaces of the elec-
trode. Therefore, as in the preceding sub-process, only
the reference point measurement device 12 to detect the
change in length is installed, while other inspection
and/or measurement devices displaying the state of the
electrode need not necessarily be installed. That is, the
properties of the top and back surfaces of the electrode
may be sufficiently identified by the roll maps of the coat-
ing process and the roll press process, and in the notch-
ing process, the properties of the top and back surfaces
are not particularly changed by notching. Therefore, in
the notching process, it is sufficient to make up a roll map
of a single planar surface displaying only the coordinate
values on the coordinate planar surface regardless of the
top and back surfaces of the electrode.

[0751] The roll map matching unit 6200 may be con-
figured to compare the roll maps of each sub-process
with the same criterion or the same coordinate values.
The roll map matching unit 6200 matches the coordinate
values of the roll maps of the preceding and following
sub-processes or matches the coordinate values of the
roll maps of each sub-process among the plurality of sub-
processes, e.g., the sub-processes coating, roll pressing
and notching, with the coordinate values of the roll map
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of a final process.

[0752] The matching of the coordinate values of the
roll maps of the preceding and following sub-processes
may be regarded as beingincludedin aprocess of match-
ing or linking the coordinate values of the roll maps of
each sub-process with the coordinate values of the roll
map of the final sub-process in a broad sense. Therefore,
hereinafter, the process of matching the coordinate val-
ues of the roll maps will be described based on the latter.
[0753] A casein which a series of roll-to-roll processes
are performed is assumed.

[0754] In this case, the roll maps of each sub-process
are matched so that the electrode represented by the roll
map of the final sub-process among the plurality of sub-
processes correspond to each electrode represented by
the roll maps of each sub-process carried out before the
final sub-process. That is, the roll maps are matched so
that the electrode (survival electrode) being output by the
final sub-process corresponds to the electrode of each
sub-process carried out before the final process. The
matching of the roll maps is performed by matching the
coordinate values of the roll maps of each sub-process
with the coordinate values of the roll map of the final
process. Matching the roll maps of the survival electrode
with the roll maps of the respective sub-processes, gen-
erally, may include matching the visual imitation of the
electrode of the respective sub-processes to the visual
imitation of the electrode of the final sub-process, such
that the visual imitations show identical electrode parts,
sharing common coordinate values.

[0755] Referring to FIG. 76, the roll map matching unit
6200 may include a roll map length matching unit 6210,
a coordinate axis matching unit 6220, and an electrode
surface matching unit 6230.

[0756] FIG. 77 is a schematic diagram showing a roll
map matching process.

[0757] FIG. 77 shows the absolute coordinate roll map
R1 and the relative coordinate roll map r1 of the coating
process, the absolute coordinate roll map R2 and the
relative coordinate roll map r2 of the roll press process,
and the absolute coordinate roll map R3 and the relative
coordinate roll map r3 of the notching process sequen-
tially from the top. Each of the roll maps is made up by
the roll map make-up unit 6100 in FIG. 69.

[0758] As described above, the relative coordinate roll
map represents the electrode resulting from the respec-
tive sub-process. That s, the relative coordinate roll map
represents the survival electrode excluding the electrode
parts removed during each sub-process or between the
respective sub-processes. Therefore, the roll map
matching operation performed by the roll map matching
unit 6200 is to match the coordinate values of the relative
coordinate roll maps of each sub-process carried out be-
fore the final process with the coordinate values of the
relative coordinate roll map of the final process.

[0759] In the series of roll-to-roll processes, parts of
the electrode are removed before or after each process
orin the corresponding process for various reasons, such
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as defects or non-uniform quality. Therefore, the coordi-
nate values of the roll map of the final sub-process and
the coordinate values of the roll maps of the preceding
sub-processes differ. The important thing is that the co-
ordinate values of the roll maps of each sub-process
should match the coordinate value of the roll map of the
final process so that the electrode (survival electrode)
represented by the roll map of the final sub-process
matches each electrode represented by the roll maps of
each sub-process. When the length of the electrode is
not changed between the start and final processes of the
roll-to-roll processes, the roll map length matching is not
required to perform a matching operation. However, due
to the characteristics of the mass production process,
the start and end portions of the electrode often have
non-uniform quality, and a test production part or the like
before mass production is often removed. Therefore, the
length of the electrode is usually changed between the
start and final sub-processes for any reason. In consid-
eration of this, the roll map matching unit 6200 includes
the roll map length matching unit 6210 for taking into
account the change in length of the electrode when gen-
erating a roll map.

[0760] In order to match the length of the visual imita-
tion of the electrode in the respective the roll maps, it is
necessary to remove all coordinate sections correspond-
ing to electrode parts cumulatively removed in the series
of roll-to-roll processes from the visual imitation of the
electrode in the roll maps of each process. In addition,
by correcting the coordinate values of the remaining co-
ordinate sections left from the removal from the visual
imitation of the electrode included in the roll maps of each
sub-process to correspond to the coordinate values of
the roll map of the final process, the length of the visual
imitation of the electrode in the respective the roll maps
of each sub-process may match the length of the roll map
of the final sub-process. In general, if part of the electrode
that was subject to one of the respective sub-processes
has been removed before the subsequent sub-process
starts, coordinate values corresponding to the removed
electrode part may be removed from the roll map, option-
ally, prior to reversing the longitudinal coordinate values
of the roll map.

[0761] In addition, when a start direction of a coordi-
nate axis of a roll map of a specific sub-process before
the final process is reversed from a start direction of the
coordinate axis of the roll map of the final sub-process
according to a winding direction of the electrode in the
rewinder RW of the respective preceding sub-process
and an unwinding direction of the electrode in the un-
winder UW of the following sub-process, the roll map
matching unit 6200 matches the start direction of the co-
ordinate axis of the roll map of the specific sub-process
with the start direction of the coordinate axis of the roll
map of the final sub-process. To this end, the roll map
matching unit 6200 may include the coordinate axis
matching unit 6220 for matching coordinate axes.
[0762] As described above, due to the characteristics
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of the roll-to-roll processes, the start/end reversal in
which the start and end portions are reversed inevitably
occurs in the roll map of the preceding sub-process and
the roll map of the following sub-process. Since the co-
ordinate axis matching is to match the (start) direction of
the coordinate axis of the roll map of the final process, it
is sufficient to match only the start direction of the coor-
dinate axis of the roll map of the specific sub-process,
which is opposite to the start direction of the coordinate
axis of the roll map of the final sub-process, among the
preceding sub-processes before the final sub-process.
Forexample, the roll map of the process, which coincides
with the direction of the coordinate axis of the roll map
of the final process, among the preceding processes
does not need to perform such a coordinate axis match-
ing operation.

[0763] Referring to FIG. 77, there were a total of four
electrode removal operations in the entire roll-to-roll proc-
ess as follows:

® Removal of the end portion by 100 meters when
the coating process is ended;

® Removal of the defect section by 200 meters dur-
ing the roll press process;

® Removal of the end portion by 50 meters after the
roll press process; and

® Removal of the end portion by 100 meters after
the notching process is ended.

[0764] In the relative coordinate roll map r3 of the
notching process, which is the final sub-process, the vis-
ual imitation of the electrode represents a total of a length
of 750 meters due to the removal of parts of the electrode
four times. In addition, the coordinates in the longitudinal
direction of the star point, which is the electrode part for
comparison, are 600 meters, and the coordinates in the
width direction are 40 cm (0.4 m)in the relative coordinate
roll map r3 of the notching process.

[0765] In order to match the length of the roll map of
the final process, all coordinate sections corresponding
to the electrode parts removed (removal of parts four
times in the example of Fig. 77) in the entire roll-to-roll
process were removed from the representation of the
electrode in the relative coordinate roll maps of each sub-
process. In this case, portions indicated by dotted boxes
in FIG. 77 become portions of the roll map representing
the finally surviving actual electrode.

[0766] In this case, since the start direction of the co-
ordinate axis of the roll map of the coating process is the
same as the start direction of the coordinate axis of the
roll map of the notching process, the coordinate axis
matching is not required. However, since the start direc-
tion of the coordinate axis of the roll map of the roll press
process is reversed and different from the start directions
of the coordinate axes of the roll maps of the coating
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process and the notching process, the coordinate axis
matching operation is required.

[0767] In FIG. 77, upper ends of the absolute coordi-
nate roll map R2 and the relative coordinate roll map r2
of the roll press process displays coordinate values be-
fore the coordinate axes are matched. When these co-
ordinate values are reversed (corrected), as indicated in
the lower end of the corresponding roll map, the coordi-
nate values become the same as the start direction of
the coordinate axis of the roll map of the notching proc-
ess. According to the matching of the coordinate axes of
the roll maps, the coordinate values of the reference
points, the coordinate value of the defect section, and
the coordinate values of the star points of the absolute
coordinate roll map and the relative coordinate roll map
of the roll press process are all changed. Specifically,
both the longitudinal axis and the transverse axis, which
are the coordinate axes of the roll map of the roll press
process, match the directions of the coordinate axes of
the notching process. In FIG. 77, the symbols indicated
by R2-1 and r2-1 indicate that the coordinate axes of the
absolute coordinate roll map R2 and the relative coordi-
nate roll map r2 of the roll press process are reversed.
That is, R2-1 indicates the absolute coordinate roll map
of the roll press process in which the coordinate axes are
reversed, and r2-1 indicates the relative coordinate roll
map of the roll press process in which the coordinate
axes are reversed.

[0768] In FIG. 77, an odd number (three) of roll-to-roll
processes are represented by the roll maps, and the di-
rections of the coordinate axes of the roll maps of the
first sub-process (coating process) and the final sub-
process (notching process) are matched. Therefore, the
coordinate axes of the roll map of the second sub-process
(roll press process), which is performed after an even
number of times in which the directions of the coordinate
axes have been reversed, match the coordinate axes of
therollmap of the final process. However, when the entire
process includes an even number roll-to-roll processes,
unlike FIG. 77, coordinate axes of a roll map of an odd-
numbered process, such as afirst process, need to match
coordinate axes of a roll map of a final process, which is
an even-numbered process.

[0769] As described above, the coordinate axis match-
ing is performed relatively based on the final process.
[0770] At the lower end of FIG. 77, roll maps finally
matched by the roll map matching operation are shown.
The coordinate section corresponding to the removed
electrode section was removed from the roll maps of the
coating process and the roll press process, and the di-
rections of the coordinate axes of the roll map were also
matched with the directions of the coordinate axes of the
roll map of the notching process. Therefore, the coordi-
nate values of the roll map made up in the notching proc-
ess, which is the final sub-process, are accurately
matched with the coordinate values of the roll maps made
up in the coating process and the roll press process,
which are the preceding sup-processes. All of the coor-
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dinate values of the longitudinal and transverse axes of
the star points are also matched in the three roll maps
matched as 600 meters and 0.4 meters.

[0771] As described above, a roll map in which the co-
ordinate values of the roll maps of each sub-process are
arranged side by side to match the coordinate values of
the roll map of the survival electrode of the final process
and viewed at once is referred to as "overlay roll map."
The roll map matching unit 6200 is configured for making
up the overlay roll map. When the overlay roll map is
displayed on the display unit, the quality history or man-
ufacturing history of the final survival electrode may be
identified at a glance. Referring to FIG. 77, it can be seen
from the (overlay) roll map of the roll press process that
the battery manufactured with the electrodes at the star
points was derived from the electrode having the rolled
thickness (e.g., the rolled thickness in a normal range)
indicated by a specific hatching in the roll press process.
In addition, it can be seen from the roll map of the coating
process that the battery manufactured with the elec-
trodes at the star points was derived from the electrode
having an excessive loading amount coated more than
the normal range in the coating process. For example,
when ignition occurs in the battery manufactured with the
electrodes including the star points, it can be determined
that there is a problem with the corresponding electrode
from the manufacturing history of the coating process.
Alternatively, the star points may be exterior or other de-
fect portions. Thatis, when a problem occurs in the elec-
trode including the star point and this is caused by a poor
exterior, it is possible to simply identify from the overlay
roll map which electrode part caused the portion corre-
sponding to the exterior defect in the electrode manufac-
turing process.

[0772] Asdescribed above, by making up the roll maps
of each process and matching the roll maps of each proc-
ess by the roll map matching unit 6200, it is possible to
easily identify data on quality or defects of the survival
electrode surviving in the final process.

[0773] In addition, it is possible to easily identify the
inspection history in the electrode manufacturing process
using the matched roll map (overlay roll map).

[0774] Inaddition, according to the present disclosure,
even when the start and end portions of the electrode roll
are reversed or the length of the electrode is changed
through the series of roll-to-roll processes, by making up
the overlay roll map through the above-described match-
ing of the lengths of the roll maps and matching of the
coordinate axes, it is possible to intuitively and quickly
track a problem with the quality of the electrode when
the problem occurs.

[0775] Meanwhile, when the top surface of the elec-
trode in the preceding process is reversed to the bottom
surface of the electrode in the following process accord-
ing to the winding direction of the electrode in the rewind-
er RW of the preceding process and the unwinding di-
rection of the electrode in the unwinder UW of the follow-
ing process, the matching unit 6200 may match the roll
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map by reflecting the surface reversal.

[0776] As shown in FIG. 78, there is a case in which
the top and back surfaces of the electrode may be re-
versed in the preceding and following processes accord-
ing to the winding and unwinding directions of the elec-
trode in the preceding and following processes.

[0777] In this case, information on the reversal of the
surfaces of the electrode is stored in the roll map match-
ing unit 6200. For example, the PLCs 30 of each process
retains information on the winding and unwinding direc-
tions of the electrode because it controls the electrode
movement and the winding and unwinding of the elec-
trode. The roll map matching unit 6200 may receive the
information on the surface reversal from the PLC and
store the information in the electrode surface matching
unit 6230.

[0778] The electrode surface matching unit6230 of the
roll map matching unit 6200 matches the roll map of the
top surface of the electrode in the preceding process with
the roll map of the back surface of the electrode in the
following process according to the information on the sur-
face reversal.

[0779] FIG. 78 shows an example of making up an
overlay roll map by the surface matching.

[0780] Referring to FIG. 78, in the rewinder RW of the
coating process, the electrode is wound in the upper
winding direction and unwound in the lower unwinding
direction in the roll press process. That s, the top surface
of the electrode in the coating process is reversed to the
bottom surface of the electrode in the roll press process.
The electrode surface matching unit 6230 receives and
records the information on the surface reversal from the
controller 30. For example, a control logic value when
the surface reversal (top/bottom reversal) does not occur
between the preceding and following sub-processes may
be setto zero, and a control logic value when the surface
reversal occurs may be set to 1.

[0781] In addition, in the rewinder RW of the roll press
process, the electrode is wound in the lower winding di-
rection and unwound in the upper unwinding direction in
the unwinder W of the notching process. In this case, the
surface reversal of the electrode occurs again, and in this
case, the control logic value of 1 is set again by the elec-
trode surface matching unit 6230. However, since the roll
map of the notching process is made up as only a roll
map of a single planar surface regardless of the surface
of the electrode, there is not a big problem even when
the reversal information is not reflected at the time of
making up the overlay map when there occurs the surface
reversal between the roll press process and the notching
process. Referring to FIG. 78, it can be seen that the
start/end reversal has also occurred between the coating
process and the roll press process and between the roll
press process and the notching process.

[0782] FIG. 79 shows one example of the overlay roll
map in which the roll map length matching and the coor-
dinate axis matching are performed by reflecting the
change in length of the electrode and the change in co-
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ordinate axes.

[0783] FIG. 79A shows an overlay roll map when the
surface reversal does not occur between the coating
process and the roll press process, and FIG. 79B shows
an overlay roll map when the surface reversal occurs.
[0784] ReferringtoFIG.79A, since no surface reversal
has occurred, a roll map | of the top surface T of the
electrode of the coating process corresponds to a roll
map Il of the top surface T of the electrode of the roll
press process.

[0785] In this case, control logic O is setin the electrode
surface matching unit 6230. That is, the roll map | of the
top surface of the electrode indicated by T in the coating
process corresponds to the roll map Il of the top surface
of the electrode indicated by T in the roll press process.
In this case, since the overlay roll maps of the top surfaces
of the electrodes between the coating process and the
notching process are formed of |, lll, and V, it is possible
to identify quality and product histories between the re-
spective processes. Likewise, the overlay roll maps of
the bottom surfaces B of the electrodes are formed of Il,
IV, and V.

[0786] Referring to FIG. 79B, since a surface reversal
has occurred, the roll map | of the top surface T of the
electrode of the coating process corresponds to the roll
map IV of the back surface B of the electrode of the roll
press process. In this case, control logic 1 is set in the
electrode surface matching unit 6230. That is, the roll
map | of the top surface of the electrode indicated by T
in the coating process corresponds to the roll map IV of
the back surface of the electrode indicated by B in the
roll press process. In this case, since the overlay roll
maps of the top surfaces of the electrodes between the
coating process and the notching process are formed of
I, IV, and V, it is possible to identify quality and product
histories between the respective processes. Likewise,
by also reflecting the surface reversal information to the
bottom surface of the electrode, the roll map Il of the
bottom surface of the electrode of the coating process
corresponds to the roll map Ill of the top surface T of the
electrode of the roll press process. Therefore, the overlay
roll map of the bottom surface of the electrode is formed
of I, 1ll, and V.

[0787] As described above, when the electrode sur-
face matching unit 6230 provides the information on the
surface reversal and does not match the surface reversal
between the roll maps, there occurs a problem that roll
maps representing surfaces of completely different ac-
tual electrodes are compared in the coating process and
the roll press process. In this case, since the consistency
of quality tracking using the overlay roll map is damaged,
the quality tracking may be performed accurately.
[0788] The roll map matching unit 6200 may perform
electrode surface matching in addition to the above-de-
scribed roll map length matching and coordinate axis
matching. Therefore, by making up the overlay roll map
by the roll map matching of a predetermined logic even
when the top and back surfaces of the electrode are re-
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versed in the series of roll-to-roll processes, it is possible
to quickly and intuitively track a problem with the quality
of the electrode when the problem occurs.

[0789] The roll map matching unit 6200 may receive
data from, for example, the first roll map make-up unit
6110 and match the coordinate values of the first roll map
RI of the preceding sub-process and the first roll map RI
of the following sub-process or match the coordinate val-
ues of the first roll maps RI of each process among the
plurality of sub-processes with the coordinate values of
the first roll map RI of the final process.

[0790] Inaddition, the roll map matching unit6200 may
receive data from, for example, the second roll map
make-up unit 6120 and match the coordinate values of
the second roll map RII of the preceding sub-process and
the second roll map RII of the following sub-process or
match the coordinate values of the second roll maps RII
of each sub-process among the plurality of sub-process-
es with the coordinate values of the second roll map RII
of the final process.

[0791] FIG. 80 showsamethod of manufacturing abat-
tery. The method of manufacturing a battery includes
making up a roll map, which includes data of the coordi-
nate valuesindicating a position of an electrode and proc-
ess data generated according to a proceeding of a plu-
rality of processes performed on the electrode and
matching the coordinate value, for each process (S301),
and

performing at least one of the following matchings:

1) Matching the coordinate values of the roll map of
the preceding sub-process with the coordinate value
of the roll map of the following sub-process so that
the visual imitation of the electrode represented by
the roll map of the preceding sub-process corre-
sponds to the visual imitation of the electrode repre-
sented by the roll map of the following process
(S302); and

ii) Matching the coordinate values of the roll maps
of each sub-process with the coordinate values of
the roll map of the final sub-process so that the visual
imitation of the electrode represented by the roll map
of the final process among the plurality of sub-proc-
esses corresponds to the visual imitation of the elec-
trode represented by the roll maps of each sub-proc-
ess carried out on the electrode before the final proc-
ess (S301’).

[0792] For example, the first roll map Rl or the second
rollmap RIl of each process may be made up by matching
the data of the coordinate values of each process with
the process data by the first roll map make-up unit 6110
and/or the second roll map make-up unit 6120 shown in
FIGS. 69 and 72.

[0793] Inaddition, the roll map matching unit 6200 may
match the coordinate values of the roll maps of the pre-
ceding and following sub-processes or match the coor-
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dinate values of the roll maps of each sub-process among
the plurality of sub-processes with the coordinate values
of the roll map of the final process. As described above,
in the matching process, the lengths of the roll maps may
be matched to match the following sub-process or the
final sub-process. To this end, the roll map matching unit
6200 may include the roll map length matching unit 6210.
In addition, when the coordinate axes of the roll map are
reversed as the progress of the process, the coordinate
axis matching considering this is performed together with
the roll map length matching. To this end, the roll map
matching unit 6200 may include the coordinate axis
matching unit 6220. In addition, when the surfaces of the
electrode are reversed between the preceding and fol-
lowing processes according to the progress of the proc-
ess, the surface matching for matching the surface of the
roll map with the reversed state is performed. To this end,
the roll map matching unit 6200 may include the electrode
surface matching unit 6230.

[0794] The roll map make-up unit 6100 and the roll
map matching unit 6200 may be a data processing sys-
tem (an MES, an SPC, or a DW) or one component of
the corresponding system.

[0795] For example, the roll map make-up unit 6100
and the roll map matching unit may be one component
of the MES. In this case, as shown in FIG. 69, the roll
map make-up unit 6100 may be connected to the PLC,
the position measurement device, and the inspection
and/ormeasurementdevice in each process to exchange
data for making up the roll map.

[0796] However, since the main purpose of the MES
is production management, it is difficult to retain exces-
sive data. Considering this point, the MES or the roll map
make-up unit that is a component thereof, for example,
the first roll map make-up unit 6110 may make up the
first roll map to which only relatively small-size data is
allocated. When the MES has a server with a large data
processing capacity, the MES may include both the first
roll map make-up unit 6110 and the second roll map
make-up unit 6120. However, when it is difficult to install
the server with the large data processing capacity due
to the configuration of the MES, the second roll map
make-up unit 6120 may be a separate upper level control
system or one component of the upper level control sys-
tem. Likewise, the roll map matching unit 6200 may also
be a separate upper level control system or one compo-
nent of the upper level control system when there is no
appropriate server.

[0797] Forexample, the second roll map make-up unit
6120 and/or the roll map matching unit 6200 may be in-
stalled in the upper level control system, such as an SPC.
That is, the second roll map make-up unit 6120 or the
roll map matching unit 6200 may be the SPC or one com-
ponent of the SPC. In this case, the second roll map RII
may be made up by the second roll map make-up unit
6120 belonging to the upper level control system by add-
ing data to the first roll map RI. In addition, the roll map
matching unit 6200 in the SPC may receive necessary
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data from the first roll map make-up unit 6110 and the
second roll map make-up unit 6120 and match the first
roll map or the second roll map of the plurality of proc-
esses. Therefore, the coordinates of the roll maps be-
tween the plurality of processes may be corrected based
on the same criterion and displayed in the form of, for
example, an overlay roll map. Therefore, it is possible to
easily identify the coordinate values of the plurality of
processes and electrode corresponding parts in each
process corresponding to the coordinate values. Further-
more, itis also possible to easily identify the process data
of each process matched to each electrode correspond-
ing part (coordinate values).

[0798] Meanwhile, the roll map matching unit 6200
may also be a control system higher than the SPC. For
example, the roll map matching unit 6200 may be a data
warehouse DW for converting and managing the data
accumulated in the database in data in a common format.
The data warehouse enables data-based decision-mak-
ing and analysis by integrating data from multiple sourc-
es.

[0799] The roll map length matching unit 6210, the co-
ordinate axis matching unit 6220, and the electrode sur-
face matching unit 6230 may be software capable of per-
forming predetermined calculation and matching opera-
tions or a computing system in which the software is em-
bedded. For example, each matching unit may be a real-
time system, such as an embedded computer system
(ECS), and among them, a microcomputer may be adopt-
ed as each matching unit. The roll map length matching
unit 6210, the coordinate axis matching unit 6220, and
the electrode surface matching unit 6230 may mutually
perform wired and wireless communication. In FIG. 76,
the matching units are separately shown for functional
classification. However, for efficient computing process-
ing, one or more of the matching units may be integrated.
For example, since both the roll map length matching
and the coordinate axis matching are related to the con-
version of the coordinate value, the roll map length
matching and the coordinate axis matching may be inte-
grally operated as one matching unit. Therefore, a de-
tailed configuration of the roll map matching unit 6200 is
not limited to the example of FIG. 76.

[0800] Meanwhile, FIGS. 69 and 72 show an electrode
material that is input into an electrode coating process
from a mixer. In this case, at least one of data on spec-
ifications of an input material for manufacturing the elec-
trode, process data for a mixing process of the input ma-
terial, and path data on a moving path or path of lines
through which the mixed input material is moved or sup-
plied to an electrode coater may match each matched
coordinate value of the overlay roll map and the process
data of each process matching the coordinate values and
managed.

[0801] Since the data on the specifications, the proc-
ess data for the mixing process of the input material, and
the path data on the moving path have been described
above with reference to FIG. 53, a detailed description
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thereof will be omitted.

[0802] The system for manufacturing a battery may be
connected to the mixer controller and the slurry lot infor-
mation detection controller to display the above-de-
scribed data on the input material on the first roll map or
the second roll map. In addition, the data may be dis-
played by matching the respective coordinate values and
the process data of the overlay roll map displayed by
matching the first and second roll maps.

[0803] InFIG. 81, data acquired in the plurality of proc-
esses are displayed in association with each other (i.e.,
by matching each other). For reference, the data shown
in FIG. 81 is displayed in alphabetical characters so that
only the type of data may be distinct and is not displayed
in specific numerical values or the like.

[0804] In FIG. 81, in mixing and tank movement, the
data on the specifications (e.g., an electrode roll lot
number and a slurry lot number), data on a tank move-
ment path and the like are shown.

[0805] Data on each roll map of the electrode manu-
facturing process and the notching process is also dis-
played by being matched with the data on the mixing and
tank movement processes. The data of the coordinate
values may be coordinate values matched on, for exam-
ple, the overlay roll map through the above-described roll
map matching process.

[0806] The inspected and/or measured data may be
inspected and/or measured data on the electrode parts
of each process corresponding to the corresponding co-
ordinate values. For example, in the coating process, D1
may be loading amount data at a coating process coor-
dinate value C1, and in the roll press process, D2 may
be electrode thickness data at a roll press coordinate
value C2. In this case, C1 and C2 indicate positions of
the same actual electrode.

[0807] The equipment data may be, for example, tem-
perature data acquired from the electrode parts of each
process corresponding to the corresponding coordinate
values.

[0808] The time-series data may indicate a time point
at which each data has been acquired. As described
above, the equipment data and the time-series data may
be acquired by the PLC of each process.

[0809] As described above, according to the system
6000 for manufacturing a battery and the method of man-
ufacturing the same, process data matching the coordi-
nate values of the roll map of a following sub-process
and process data matching the coordinate values of a
preceding sub-process matching the coordinate values
of the roll map of the following process may be matched
and/or managed.

[0810] Alternatively, process data matching the coor-
dinate value of the roll map of the final sub-process and
the process data of each sub-process matching the co-
ordinate values of each sub-process matching the coor-
dinate values of the roll map of the final sub-process may
be matched and/or managed.

[0811] Thatis, when the plural sub-processes are per-
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formed, necessary data may be identified in connection
with each other via the coordinate values of the electrode
moving in each sub-process. Therefore, it is possible to
easily perform quality control, analysis, monitoring, track-
ing, and the like in the electrode manufacturing process
and the assembly process.

[0812] In addition, it is possible to overcome the limi-
tations of a general PLC processing only time series data
and other data in connection with each other. When the
time-series data is used as a reference for comparison,
itis not possible to specifically identify a change occurring
between the preceding and following sub-processes. In
addition, in many cases, the time series data and data
generated by events of each process do not exactly cor-
respond. In this case, a separate processing operation
is required to match the time series data with each gen-
erated data. Such an operation is not only time-consum-
ing, but also less accurate.

[0813] According to the present disclosure, by match-
ing the coordinate values between the plurality of proc-
esses and matching the respective coordinate values
with the respective process data and using matching re-
sults in manufacturing the battery, it is possible to man-
ufacture the battery more comprehensively, intuitively,
and efficiently throughout battery manufacturing.
[0814] The first roll map, the second roll map, and/or
the overlay roll map may be stored in a storage medium.
[0815] The roll maps may be stored in the database of
the roll map make-up unit 6100 or a separate storage
medium. The database or the storage medium may be,
for example, a memory. A plurality of memories may also
be provided, as necessary. The memory may be a volatile
memory or a non-volatile memory. As the memory of the
volatile memory, a random access memory (RAM), a dy-
namic RAM (DRAM), a static RAM (SRAM), or the like
may be used. As the memory of the non-volatile memory,
a read only memory (ROM), a programmable ROM
(PROM), an electrical alterable ROM (EAROM), an eras-
able programmable ROM (EPROM), an electrically eras-
able programmable ROM (EEPROM), a flash memory,
or the like may be used. Examples of the above-listed
memories are merely illustrative and are not limited to
these examples. Alternatively, the storage medium may
be a hard disk, a CD-ROM, a USB memory, a solid state
drive (SSD), or the like.

[0816] The roll map and related data stored in the stor-
age medium may be freely used in battery manufacturing,
quality control, analysis, and problem tracking.

[0817] FIG. 82 is a configuration diagram of a further
system 7000 for monitoring and/or supervising a manu-
facturing process a battery. The system 7000 for moni-
toring and/or supervising a manufacturing process a bat-
tery may also be referred to as system 7000 for manu-
facturing a battery or simply as system 7000, in the fol-
lowing.

[0818] The system 7000 for manufacturing a battery
includes a coordinate data value server 7100 for storing
coordinate values indicating a position of an electrode
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moving during a process performed on the electrode, an
identification mark providing unit 7200 for providing an
identification mark to the electrode at a predetermined
interval, and a data manager 7300 for matching and/or
managing a coordinate value of the coordinate value data
server 7100 corresponding to the identification mark and
the identification mark.

[0819] The system 7000 allows data associated with
the roll map to be used in the following process after the
identification mark is generated as well as a process of
generating the identification mark by connecting the
above-described coordinate values of the roll map and
process data matching the coordinate values with the
identification mark of the electrode. In addition, the sys-
tem 7000 may monitor almost all production processes
of the battery by matching or mapping the process data
of a following process matching the identification mark
with the process data of the process before the identifi-
cation mark is generated based on the coordinate values
of the roll map and the identification mark.

[0820] The coordinate values may be coordinate val-
ues indicating a position on the electrode and being re-
flected in a roll map on which the electrode 1 moving
between the unwinder UW and the rewinder RW is imi-
tated. For example, in the manufacturing process of the
electrode, the coating process of coating the electrode
with slurry, the roll press process of rolling the electrode,
and the slitting process of cutting the rolled electrode,
the roll map, on which the electrode 1 moving in a roll-
to-roll manner is imitated, may be made up. Data of the
coordinate values indicating a position on the electrode
may be given in such a roll map. The coordinate values
reflected in the roll map may be acquired by the position
measurement device 20 (e.g., the rotary encoder) in-
stalled on the unwinder UW or the rewinder RW and the
PLC 30 or the inspection and/or measurement device 10
installed in each process. For example, the coordinate
values of the electrode in the longitudinal direction may
be acquired by the rotary encoder. For example, the co-
ordinate values of the electrode in the width direction may
be acquired by the inspection and/or measurement de-
vice 10.

[0821] The coordinate value data server 7100 stores
the coordinate values indicating the position of the mov-
ing electrode during the process performed on the elec-
trode.

[0822] Referring to FIG. 82, the coordinate value data
server 7100 may include a roll map make-up unit 7110,
a roll map matching unit 7120, and/or optional servers
7130 for storing necessary data.

[0823] For example, the roll map make-up unit 7110
connected to various inspection and/or measurement de-
vices 10 and position measurement devices 20 may re-
ceive and store the data of the coordinate values indicat-
ing the position of the electrode 1 moving between the
unwinder UW and the rewinder RW. In this case, the
coordinate values and the process data may be matched
and displayed on the visualization region called the roll
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map. Generally, as already discussed in detail above,
the roll map includes a visual imitation of the electrode
being subject to a roll-to-roll process, wherein the roll
map reflects at least part of the process data acquired,
at least partially, by the inspection and/or measurement
devices 10 for the respective roll-to-roll process and the
corresponding coordinate values. A roll map which is
made up based on only a subset of the process data is
referred to as "the first roll map RI," as explained above,
in particular, by reference to Figs. 69 to 75. Also in this
context, the subset of the process data used for making
up the first roll map RI may be referred to as sample
process data. A roll map, which is made up based on the
first roll map by adding and displaying additional data
associated with the subset of data used to make up the
first roll map and matching the coordinate values on the
first roll map is referred to as "the second roll map RII",
as also explained above. The rollmap make-up unit 7110
may include a first roll map make-up unit 7111 and/or a
second roll map make-up unit 7112. The first and second
roll map make-up units may be implemented in one in-
tegrated data processing system. Alternatively, the first
and second roll map make-up units 7111, 7112 may be-
long to separate data processing systems, respectively.
For example, the first roll map make-up unit 7111 may
be positioned in the manufacturing execution system
(MES), and the second roll map make-up unit 7112 may
be positioned in the statistical process control (SPC).
That is, the first roll map make-up unit 7111 may be the
MES or one component of the MES, and the second roll
map make-up unit 7112 may be the SPC or one compo-
nent of the SPC.

[0824] The processdataincludes at least one of equip-
ment data acquired in the process equipment used in the
respective roll-to-roll process, process-related inspected
and/or measured data acquired in each process, and
time-series data acquired in each process.

[0825] The equipment data may be acquired from the
programmable logic controller (PLC) 30 for performing
each process. Therefore, the equipment data may in-
clude all parameters managed by the PLC in each proc-
ess.

[0826] The inspected and/or measured data includes
data, preferably all data inspected or measured by a pre-
determined inspection device, measurement device, or
inspection and measurement device in each process.
[0827] The process data may also include the time-
series data acquired in each process. That is, the data
(time-series data) on the data generation time point may
be obtained from the all data acquired in each process.
The PLC 30 for controlling and managing each process
may acquire the time-series data.

[0828] The process data is generated according to the
progress of the process performed on the electrode, and
the process data is acquired for each individual roll-to-
roll process or sub-process.

[0829] The roll map matches the process data with the
data of the coordinate values indicating the position of
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the electrode and visualizes and displays a matching re-
sult.

[0830] As described above, the coordinate value data
server 7100 may store the coordinate values of the roll
map in each sub-process and the process data matched
therewith.

[0831] Inaseriesofrroll-to-roll processes, as described
above with reference to FIG. 70, the length of the elec-
trode may be changed between the processes by the
current process removal and the removal after process,
the start and end portions of the electrode may be re-
versed, and the surfaces of the electrode may be re-
versed. Therefore, the coordinate value data server 7100
may include the roll map matching unit 7120 for matching
the coordinate values of the roll maps of each process
to be compared with each other based on the same cri-
terion in consideration of the change in length, the
start/end reversal, and the surface reversal.

[0832] The roll map matching unit 7120 includes a roll
map length matching unit, a coordinate axis matching
unit, and an electrode surface matching unit and matches
the coordinate values of the roll maps of a preceding sub-
process or a plurality of preceding sub-processes with
an actual electrode of a following sub-process carried
out subsequent to the preceding sub-process or a final
sub-process.

[0833] Therefore, the coordinate value data server
7100 may store the coordinate values of the roll map of
the preceding sub-process and the coordinate values of
the roll map of the following sub-process matched by the
roll map matching. Alternatively, the coordinate values
of the roll map of each sub-process among the plurality
of sub-processes may be matched with the coordinate
values of the roll map of the final sub-process and stored.
[0834] Considering the data processing capacity, the
rollmap matching unit 7120 may be an upper level control
system (e.g., the SPC) separate from the MES or one
component of the upper level control system.

[0835] Both the second roll map make-up unit 7112
and the roll map matching unit 7120 may be installed in
one integrated system (SPC). In this case, the second
roll map RIl may be made up by the second roll map
make-up unit 7112 belonging to the upper level control
system by adding additional data to the made-up first roll
map RI. In addition, the roll map matching unit 7120 in
the SPC may receive necessary data from the first roll
map make-up unit 7111 and the second roll map make-
up unit 7112 and match the firstroll maps Rl or the second
roll maps RII of the plurality of processes. Therefore, the
coordinate values of the roll maps between the plurality
of processes may be corrected based on the same cri-
terion, and for example, data may be expressed as an
overlay roll map, as explained in detail above.

[0836] The server unit 7130 (e.g., an image data stor-
age server 7132) is configured for storing data for making
up the second roll map RIlI and may optionally include
raw data storage servers 7131 and 7132. Therefore, the
coordinate value data server 7100 may store one or more
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of the following roll maps:

a) the first roll map RI including the data of the co-
ordinate values indicating the position of the elec-
trode and the sample process data generated ac-
cording to the progress of the process performed on
the electrode and matching the coordinate value;

b) the second roll map including the data of the co-
ordinate values and the sample data of the first roll
map and further including additional data associated
with the sample process data and matching the co-
ordinate value;

c) the overlay roll map arranging the roll maps of
preceding and following sub-processes in which the
coordinate values of the roll maps are matched side
by side; and

d) an overlay roll map in which the roll maps of each
sub-process in which the coordinate values of the
roll map of each sub-process match the coordinate
value of the roll map of the final sub-process are
arranged side by side.

[0837] FIG. 83 is aschematic diagram showing a proc-
ess of giving an identification mark to an electrode 1, and
FIGS. 84 and 85 are schematic diagrams showing a proc-
ess of giving a virtual identification mark to the electrode
1.

[0838] After a series of electrode manufacturing sub-
processes, an identification mark may be given to or
formed on a predetermined position on the electrode. For
example, the identification mark may be given to or
formed on an electrode tab part. The electrode tab may
be formed by notching a portion of a current collector not
coated with electrode slurry. The notching process may
also be performed on the electrode moving between the
unwinder UW and the rewinder RW. Therefore, the roll
map (notching process roll map) may be made up in the
process of giving the identification mark. Therefore, it is
possible to acquire the coordinate values of the roll map
not only in one preceding sub-process or the plurality of
preceding sub-processes (e.g., coating, roll press, and
slitting) performed before the sub-process of giving the
identification mark but also in the notching process of
giving the identification mark and match the coordinate
values of each roll map with the process data of each
sub-process. The coordinate value data server 7100 may
also store aroll map of the electrode manufacturing proc-
ess and a roll map of the notching process. In addition,
an overlay roll map may be made up by correcting the
coordinates of the roll map of the preceding process be-
fore the notching process to match the roll map of the
notching process (see FIG. 79). Therefore, the coordi-
nate value data server 7100 may store the coordinate
values of the roll maps and the process data of the sup-
process of giving or forming the identification mark and
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all sub-processes before the sub-process of giving or
forming the identification mark, the coordinate values of
the overlay roll map matched between the sub-process-
es, and the like.

[0839] In addition, the system 7000 includes an iden-
tification mark providing unit 7200 for providing the iden-
tification mark to the electrode 1 at predetermined inter-
vals.

[0840] The identification mark may be an electrode ID
actually marked on the electrode or a virtual electrode ID
virtually provided every predetermined pitch or interval.
[0841] FIGS. 82 and 83 show the ID marker 7200 for
marking the electrode ID on the electrode at predeter-
mined pitches or intervals as the identification mark pro-
viding unit.

[0842] As the ID marker 7200, for example, an inkjet-
type ink marker or alaser-type laser marker may be used,
but the present invention is not limited thereto. An appro-
priate marker may be selected and used in the range of
excellent visibility and no damage to the electrode.
[0843] A barcode may be provided as the electrode ID,
which is the identification mark, but the presentinvention
is not limited thereto, and other types of identification
marks capable of identifying the electrode may be adopt-
ed, such as a QR code, an identification number, or sim-
ilar.

[0844] Referring to FIG. 83, in the notching process,
the electrode 1 moves between the unwinder UW and
the rewinder RW and is punched by the puncher BM to
form an electrode tab on the electrode 1. After the notch-
ing process, the ID marker 7200 may mark or generate
the electrode ID on each electrode tab, for example, by
a laser. In this case, the ID marker 7200 may be con-
nected to a position measurementsensor (e.g., the rotary
encoder 20R installed on the rewinder) to acquire the
coordinate values of the electrode tab corresponding to
the electrode ID to be marked. That is, the ID marker
7200 or the notching PLC 30 connected to the ID marker
may receive an encoder value at the time of ID marking
from the position measurement sensor, and the encoder
value becomes a position coordinate value of the corre-
sponding electrode ID. This is referred to as "a first po-
sition coordinate value" to be distinct from the coordinate
values of the electrode of the preceding sub-process.
[0845] Alternatively, when the corresponding ID is rec-
ognized or read by an ID recognizer or reader, such as
a barcode reader BCR, after the electrode ID is marked
by the ID marker 7200, the first position coordinate value
corresponding to the electrode ID may be acquired. In
this case, the ID recognizer BCR and the position meas-
urement sensor are connected, and the encoder value
(first position coordinate value) at the time of ID marking
may be acquired from the ID recognizer BCR or the po-
sition measurement sensor in the notching PLC 30 con-
nected to the ID recognizer BCR.

[0846] Meanwhile, the ID marker 7200 or the ID rec-
ognizer BCR may be provided with a tab sensor and a
trigger board to acquire sequence (count) information of
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the electrode ID.

[0847] The tab sensor may determine a length, thatis,
a pitch of each electrode tab. The trigger board may in-
crease a count value based on the length of each elec-
trode tab received from the tab sensor. The trigger board
may convert the count value for each length of the elec-
trode tab into a form of a binary coded decimal (BCD)
code and send the converted count value to the ID marker
7200, the ID recognizer BCR, or the notching PLC 30.
[0848] As described above, the ID marker 7200 or the
ID recognizer BCR may receive specification information
(pitch information) of the electrode, acquire the count val-
ue (sequence information) for each corresponding pitch,
and mark or recognize an ID for each electrode tab of
the corresponding pitch. The pitch information is infor-
mation on a width of the notched electrode.

[0849] The notching PLC 30 may connect or map the
sequence of the electrode ID with the first position coor-
dinate value. The connected electrode ID and first posi-
tion coordinate value are transmitted to the data manager
7300 to be described below.

[0850] The electrode ID, the first position coordinate
value, the pitch information, and the like may optionally
be transmitted to a predetermined intermediate server
7210 before being transmitted to the data manager 7300.
In the intermediate server 7210, the process data ac-
quired in the notching process may be matched or
mapped with at least one of the first position coordinate
value, the electrode ID, and the like. Therefore, the elec-
trode ID, the first position coordinate value, and the proc-
ess data of the notching process may be transmitted from
the intermediate server 7210 to the data manager 7300.
[0851] Alternatively, the matching of the process data
of the notching process with the electrode ID and the first
position coordinate value may be performed using the
information stored in the coordinate value data server
7100. For example, the coordinate value data server in
FIG. 82 stores the process data acquired in the notching
process and the notching process roll map in which the
data of the coordinate values are matched. Therefore,
when the first position coordinate value corresponding
to the electrode ID is identified, the process data corre-
sponding to the first position coordinate value may be
acquired from the roll map. In this case, the notching PLC
30 or the like may transmit only the electrode ID and the
first position coordinate value to the data manager 7300
without going through the intermediate server 7210. The
data manager 7300 may receive the data of the coordi-
nate values and the process data from the coordinate
value data server 7100 and may match the electrode 1D
with the first position coordinate value. At this time, an
operation of matching the first position coordinate values
with the coordinate values of the sub-process performed
before the notching process stored in the coordinate val-
ue data server 7100 may be performed. The operation
may be performed by the roll map matching unit 7120.
[0852] Therefore, the data manager 7300 may match
and manage the first position coordinate value corre-



165

sponding to the electrode ID and the coordinate value of
the coordinate value data server 7100 corresponding to
the first position coordinate value and/or the process data
matching the coordinate values. In addition, the process
data of the notching process may also be matched with
the coordinate values of the preceding sub-process, the
first position coordinate value, and the electrode ID using
the notching process roll map or the intermediate server
7210. In addition, the process data of the preceding sub-
process matching the coordinate values and the like and
the process data of the notching process may be
matched.

[0853] As described above, the data manager 7300
may match and manage or store the identification mark
and the coordinate values of the coordinate value data
server 7100 corresponding to the identification mark
(electrode ID).

[0854] Thedata manager 7300 may be a data process-
ing system, such as an MES, an SPC, or a data ware-
house (DW), or a component thereof.

[0855] The coordinate value data server 7100 and the
data manager 7300 may be implemented in one integrat-
ed data processing system. However, since the purposes
and data processing capacities of each data processing
system are different, the coordinate value data server
7100 and the data manager 7300 may also be positioned
in separate data processing systems.

[0856] For example, the coordinate value data server
7100 may be installed in the MES or SPC system, and
the data manager 7300 may be installed in the DW. In
this case, the DW may be an upper level control system
of the SPC.

[0857] As described above, the DW is a data ware-
house for converting and managing data accumulated in
a database into data in a common format and enables
data-based decision-making and analysis by integrating
data from multiple sources. Therefore, it is easy to match
and manage the process data of the electrode manufac-
turing process and the assembly process and the coor-
dinate values and the electrode IDs. As will be described
below, the identification mark and the coordinate values
may be associated with data of the following processes
after the identification mark is generated. The data
matching and management operation may require vast
data processing and computing ability. From this point
of view, itis preferable to adopt the DW, whichis an upper
level control system, or a component of the DW as the
data manager 7300.

[0858] FIGS. 84 and 85 are schematic diagrams show-
ing a process of providing a virtual identification mark to
the electrode.

[0859] Asdescribed above, inthe case of the negative
electrode tab, by marking the electrode ID, it is possible
to secure the traceability of the electrode ID based on
the marked electrode ID. However, in the case of a pos-
itive electrode current collector made of, for example,
aluminum, fire or soot may occur upon marking. As de-
scribed above, when it is difficult to generate a physical
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ID, a virtual identification mark (virtual electrode ID) may
be provided as follows.

[0860] A virtualidentification mark providing unit 7200’
may be, for example, the PLC 30 of the notching process.
In the following, the PLC of each process, including the
PLC of the notching process, is indicated by reference
numeral 30. However, since the PLC in the present ex-
ample also serves as the virtual identification mark pro-
viding unit 7200’, the PLC will be described interchange-
ably using a reference number, such as 7200’ or 30. In
order to generate the virtual electrode 1D, specification
information, i.e. pitch information, and count information
on each electrode tab are specified or recorded. To this
end, the PLC 7200’ or 30 may receive specification in-
formation on at least one electrode (e.g., a positive elec-
trode) from a first sensor 7220.

[0861] The first sensor 7220 may include a tab sensor
TS and a trigger board TB. First, the tab sensor TS may
determine specification information on the positive elec-
trode tab. Specifically, the tab sensor TS may determine
a length, that is, a pitch of each positive electrode tab.
The tab sensor TS may transmit the detected length of
each positive electrode tab to the trigger board TB. The
trigger board TB may generate count information on the
positive electrode tab based on the length of each posi-
tive electrode tab received from the tab sensor TS. The
trigger board TB may increase a BCD code by "1" when-
ever the count value for each length of the positive elec-
trode tab increases. The trigger board TB may convert
the generated count value for each length of the positive
electrode tab into the form of a BCD code and transmit
the converted count value to the PLC 7200’ or 30.
[0862] In addition, the PLC 7200’ or 30 may receive
the coordinate values of the position of at least one elec-
trode from a second sensor, which is the position meas-
urement sensor (e.g., the rotary encoder 20R). The PLC
7200’ or 30 may generate a virtual identification mark,
that is, a virtual electrode ID, for each of the at least one
positive electrode, based on the specification information
and the position coordinate value. The virtual electrode
ID and the position coordinate value of the corresponding
ID may be transmitted to the data manager 7300 directly
or through the intermediate server 7210 from the PLC
7200’ or 30.

[0863] Therefore, the data manager 7300 may match
and manage the position coordinate value corresponding
to the virtual electrode ID and the coordinate value of the
coordinate value data server 7100 corresponding to the
position coordinate value and/or the process data match-
ing the coordinate value. In addition, the current process
data of the notching process may be matched with the
coordinate values of the preceding sub-process per-
formed before the notching process using the notching
process roll map or the intermediate server 7210. In ad-
dition, the process data of the preceding sub-process
matching the coordinate values and the like and the proc-
ess data of the notching process may also be matched.
[0864] The data manager 7300 may match the data of
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the coordinate values and the process data of each sub-
process of the electrode tracked based on the above-
described electrode ID or virtual ID and manage the data
through the quality, presence of defects, and inspection
information on each electrode. The data manager 7300
may include, for example, a cloud computing technology
and/or an artificial intelligence technology.

[0865] FIG. 86 is a data flowchart exemplarily illustrat-
ing a data flow in the system for manufacturing a battery
and FIG. 87 is a schematic diagram of a process control-
ler 7400 optionally forming part of the system 7000.
[0866] As described above, the system 7000 may gen-
erate the electrode ID (virtual ID or physical/actual ID)
and integrally match and manage not only the process
data of the electrode ID generation process but also the
process data of the preceding sub-process before the
electrode ID generation process. In this case, the coor-
dinate values corresponding to the electrode ID may be
acquired in each of the preceding sub-process and the
electrode ID generation process. The coordinate values
of each process may be matched to represent the same
actual electrode parts by the roll map matching unit 7120.
[0867] Furthermore, it is possible to manage data ac-
quired from the following sub-process performed after
generating the identification mark (electrode ID) via the
identification mark. Referring to FIG. 86, in a following
sub-process after the electrode ID is generated, unitelec-
trodes having the electrode ID are subject to predeter-
mined processes. For example, an electrode having a
specific actual electrode ID or a virtual electrode ID may
be cut to become a unit electrode.

[0868] The unit electrodes (positive electrodes or neg-
ative electrodes) are stacked in a lamination process to
become an electrode assembly.

[0869] Alternatively, the unit electrode may be wound
to form the electrode assembly in the form of a jelly roll.
[0870] The electrode assembly is stored in an elec-
trode case, and an electrolyte is injected to form a battery
cell semi-finished product (e.g., a packaging cell). Such
a battery cell semi-finished productfinally becomes a bat-
tery cell after going through a predetermined process
(e.g., formation processes, such as activation and aging)
for providing the characteristics of the battery.

[0871] A laminate may be formed by stacking battery
cells, and a battery module may be formed by accom-
modating the laminate in a module housing. By installing
the battery module in a pack case, a battery pack that
may be applied to an energy storage system (ESS) or a
vehicle device may be manufactured.

[0872] As described above, even after the identifica-
tion mark is provided, the electrode mainly passes a stack
process, a formation process, and a module and pack
process and passes detailed processes even in each
process. The processes performed after providing the
identification mark are referred to as assembly sub-proc-
esses in the following.

[0873] Inthe progress of these assembly sub-process-
es, since each electrode has an electrode ID, process
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data acquired from the corresponding assembly sub-
processes and the electrode ID may be matched and
stored.

[0874] The system for manufacturing a battery may in-
clude, for example, a process controller 7400 as shown
in FIG. 87. The process controller 7400 may be a process
controller configured to control and/or monitor each of
the assembly sub-processes. Specifically, the process
controller may be a PLC unit. The PLC may be defined
as a control device used for maintaining, managing, au-
tomatically controlling, and monitoring a process system
for manufacturing a battery. Such a process controller
may include a main controller 7410 as shown in FIG. 87.
The main controller 7410 may control the overall opera-
tion of the process controller and the flow of the entire
process. In addition, the process controller 7400 may in-
clude an electrode ID collector 7420 and a process data
collector 7430. In the case of a physical ID, the electrode
ID collector 7420 may be, for example, the barcode read-
er (BCR). In the case of a virtual electrode ID, the elec-
trode ID collector 7420 may be a process server con-
nected to the virtual electrode ID storage device, such
as the above-described PLC, the intermediate server, or
the data manager of the notching process, to receive
corresponding virtual electrode ID information for each
assembly sub-processes. In addition, the process data
collector 7430 may be a predetermined inspection and/or
measurement device installed for each assembly sub-
processes. For example, in the activation process, pre-
determined inspected and/or measured data may be ac-
quired from a measurement device for measuring
charge/discharge capacities, a temperature, and the like
of an activation target cell. Alternatively, the PLC itself of
each process may collect process data, such as equip-
ment data and time-series data.

[0875] Inthe process controller 7400, the process data
of the respective assembly sub-process may be matched
with the electrode ID. The matched electrode ID and the
process data of the respective assembly sub-process
may be transmitted to the data manager 7300. The data
manager 7300 may match the electrode ID and the proc-
ess data of the respective assembly sub-process with
the coordinate values stored in the coordinate value data
server 7100 and/or the (preceding) process data match-
ing the coordinate values.

[0876] The process data may of the respective assem-
bly sub-process may also be transmitted to the data man-
ager 7300 for each assembly sub-process and matched
with the coordinate values and the process data matching
the coordinate values. However, two or more process
data may also be transmitted to the data manager 7300
in the form of a process information package combined
for one electrode ID. For example, it is also possible to
match one formation process data with the electrode ID
in combination with the respective process data of a plu-
rality of detailed processes in the formation process and
transmit a matching result to the data manager 7300.
[0877] Meanwhile, as the assembly sub-processes are



169

performed, a plurality of electrodes are combined to be-
come an electrode assembly, or the electrode assembly
is re-combined to become a larger unit (e.g., a battery
cell, a battery cell laminate, a battery module, or a battery
pack). These upper level units including the electrode
with the identification mark may be referred to as "upper
level assemblies." A plurality of electrodes are included
in the upper level assembly. As necessary, a new iden-
tification mark may be provided by combining the plurality
of electrodes together. That is, an upper level identifica-
tion mark capable of identifying the upper level assembly
may be provided. For example, the upper level identifi-
cation marks, such as an assembly ID, a cell ID, a module
ID, and a pack ID, may be respectively provided to the
electrode assembly, the battery cell, the module, and the
pack. Each of the upper level identification marks may
match a lower identification mark. Ultimately, each of the
upper levelidentification mark may match each electrode
ID of the electrodes included in the corresponding upper
level assembly. Generally, one upper level identification
mark will match the plurality of electrode identification
marks (the electrode IDs or the virtual electrode IDs).
The process controller of the assembly sub-process may
include an upper level identification mark generator, that
is, an upper level ID generator 7440. The upper level ID
generator 7440 may also generate an actual ID or a vir-
tual ID. The upper level ID generator may be the above-
described ID marker. Alternatively, another virtual ID
generator capable of specifying an upper level assembly
by generating predetermined countinformation using the
tab sensor or the trigger board may be used as the upper
level ID generator.

[0878] FIG. 88 is a flowchart of a method of manufac-
turing a battery. FIG. 89 is a schematic diagram showing
an example of data matching by the system for manu-
facturing a battery, and FIG. 90 is a schematic diagram
showing a data management process by the system for
manufacturing a battery.

[0879] The method of manufacturing a battery accord-
ing to the embodiment includes acquiring data of the co-
ordinate values indicating a position of an electrode mov-
ing in a process, e.g., in a roll-to-roll process, (S401),
providing an identification mark to the electrode every
predetermined pitch or interval (S402), and matching and
managing a coordinate value corresponding to the iden-
tification mark and the identification mark (S403).
[0880] The position of the electrode moving in the elec-
trode manufacturing process, e.g., in the notching proc-
ess, or the like may be acquired as an encoder value,
such as a rotary encoder, and this may be acquired as,
for example, coordinate values of a roll map. Such data
of the coordinate values may be stored in the coordinate
value data server 7100 provided with the roll map make-
up unit 7110 and the roll map matching unit 7120.
[0881] In addition, identification marks may be provid-
ed to the electrode at predetermined intervals (e.g., pitch
intervals). The identification mark may be an actual,
physical ID generated by marking the electrode or a vir-
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tual ID providing a coordinate value to count information
of the corresponding pitch. Any ID has a predetermined
coordinate value.

[0882] Theidentification marks have coordinate values
in the sub-process in which the identification marks are
provided, and the coordinate values of this sub-process
may be matched with coordinate values of a previous
sub-process. For example, the roll map matching unit
7120 may match and manage the coordinate values of
each sub-process.

[0883] In addition, the coordinate values of each sub-
process be matched with the process data of each sub-
process in a visual imitation of the electrode, such as a
roll map. Therefore, the process data of each sub-proc-
ess may be comprehensively matched using the identi-
fication mark and the coordinate values of each sub-proc-
ess matching the identification mark.

[0884] The data manager 7300 may match the coor-
dinate values, identification marks, and process data
(preceding process, notching process, and following as-
sembly sub-process) and further include a predeter-
mined analysis program, visualization program, and sta-
tistical program. Therefore, it is possible to analyze or
provide statistics on quality, defects, causes of problems,
and the like based on the matched data. Therefore, ac-
cording to the system and method for monitoring and/or
supervising a manufacturing process of the battery, it is
possible to provide a comprehensive production man-
agement and quality analysis tool throughout almost all
production processes of the battery.

[0885] As described above, at least one of data on
specifications of an input material for manufacturing the
electrode, process data for a mixing process of the input
material, and path data on a moving path or path of lines
through which the mixed input material moves to or is
supplied to an electrode coater may be matched with
each matched coordinate value of the overlay roll map
and the process data of each sub-process matching the
coordinate values.

[0886] In addition, the data manager 7300 may also
receive the data on the specifications, the process data
for the mixing process of the input material, and the path
data on the moving path and may match the identification
mark and the coordinate values of the coordinate value
data server 7100.

[0887] InFIG. 89, data acquired in the plurality of proc-
esses are displayed in association with each other (i.e.,
by matching each other). For reference, the data shown
in FIG. 89 is displayed in alphabetical characters so that
only the type of data may be distinct and is not displayed
in specific numerical values or the like.

[0888] FIG. 89 shows the data on the mixing and tank
movement (e.g., an electrode roll lot number and a slurry
lot number), data on a tank movement path and the like.
[0889] Data (coordinate values and process data) on
each roll map of the electrode manufacturing process
and the notching process is also displayed by being
matched with the data on the mixing and tank movement
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operations. The data of the coordinate values may be
coordinate values matched on, for example, the overlay
roll map through the above-described roll map matching
process.

[0890] In addition, the electrode ID in the notching
process matches the electrode coordinate values in the
preceding process before notching. Therefore, it is pos-
sible to retrieve the process data in the coating, roll press,
and slitting processes of the electrode part (coordinates
of the electrode) corresponding to the electrode ID.
[0891] In addition, the electrode ID matches the proc-
ess data of an activation process, a module process, and
a pack process, which are assembly sub-processes fol-
lowing to the notching process. In addition, the electrode
ID matches an ID (ID (%1) of the activation process, an
upper level ID (@1) of the module process, and an upper
level ID (A 1) of the pack process. The display of the IDs
shown in FIG. 89 is only an exemplary display for distin-
guishing each ID, but the present invention is not limited
thereto. As necessary, the IDs of each process may be
differently displayed in a different format (e.g., a barcode,
a QR code, or an identification number).

[0892] FIG. 90 is a schematic diagram showing an
electrode management process by the system for man-
ufacturing a battery according to the present disclosure.
As shown, according to the system 7000 and method for
monitoring and/or supervising a manufacturing process
of the battery according to the embodiment, the process
of manufacturing an electrode from the operation of in-
putting the electrode manufacturing material and the fol-
lowing processes thereafter may be managed by con-
necting the data of almost all processes based on the
coordinate values of the roll map and the identification
mark (electrode ID).

[0893] Therefore, it is possible to comprehensively
perform quality control, analysis, monitoring, tracking,
and the like in the electrode and battery manufacturing
process.

[0894] FIG. 91 is a schematic diagram of an electrode
and an electrode assembly with an electrode identifica-
tion mark, FIG. 92 is a schematic diagram of a folding
cell and a stack cell with the electrode identification mark,
FIG. 93 is a schematic diagram of a packaging cell with
the electrode identification mark, FIG. 94 is a schematic
diagram of a battery cell with the electrode identification
mark, FIG. 95 is a schematic diagram of another type of
battery cell with the electrode identification mark, and
FIG. 96 is a schematic diagram of a battery module and
a battery pack.

[0895] FIG. 91 shows an electrode ID marked on the
tab 2 of the electrode 1 punched in the notching process.
As described above, the electrode ID may not only in-
clude a physical ID actually marked, but also a virtual
electrode ID provided by a notching PLC or the like.
[0896] Theelectrode ID is matched with coordinate val-
ues, for example, coordinate values of the roll map stored
in the coordinate value data server 7100. In addition, the
electrode ID may also be matched with the process data
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of each sub-process matching the respective coordinate
values in the roll map. That is, the electrode ID may be
matched with each process data of the electrode manu-
facturing process, the assembly process, and several fol-
lowing processes via the roll map coordinate value(s).
Therefore, when an electrode having such an electrode
ID or an upper level assembly including the electrode is
obtained, by analyzing the electrode ID and subsequently
analyzing the electrode parts (specified by the coordinate
value) obtained in each process from which the electrode
ID is derived and the process data of each process
matching the electrode parts, it is possible to perform
quality analysis or find out the cause of the occurrence
of the problem.

[0897] The lower part of FIG. 91 shows a mono cell
MC, a bi-cell BC, and a half cell HC having the electrode.
The half-cellHC is a cellformed by stacking one electrode
and a separator, the mono cell MC is a cell formed by
stacking two electrodes of different polarity with the sep-
arator interposed therebetween, and the bi-cell BC is a
cell formed by stacking two electrodes with the same
polarity and one electrode with a different polarity with
the separatorinterposed therebetween. The half-cellHC,
the mono cell MC, and the bi-cell BC constitute an elec-
trode assembly by itself. However, the half-cell HC, the
mono cell MC, and the bi-cell BC are stacked together
or stacked with other types of electrode assemblies to
form an upper level-dimensional electrode assembly. In
this sense, the half-cell HC, the mono cell MC, and the
bi-cell BC may be referred to as "a unit electrode assem-
bly."

[0898] FIG. 92 shows that the unit electrode assem-
blies are stacked together to form a new type of electrode
assembly. The plurality of unit electrode assemblies po-
sitioned in a long separator and sequentially folded may
be referred to as "afolding-type electrode assembly (fold-
ing cell FC), and the unit electrode assemblies stacked
together and combined by a combining tape or the like.
All of the unit electrode assemblies and the upper level
electrode assemblies include the electrode tab 2 with the
electrode ID. Since the electrode assembly includes a
plurality of electrodes, each electrode ID may match an
assembly ID provided to the electrode assembly as the
upper level identification mark. For example, the upper
level ID may be physically printed on the combining tape,
or a virtual upper level ID may be provided thereon. Al-
ternatively, an electrode ID of a tab part of an uppermost
electrode among the stacked electrodes may also be de-
fined as a representative electrode ID or an upper level
ID. The upper level ID may also be added to an exterior
material for carrying or including the electrode or the elec-
trode assembly.

[0899] FIG. 93 shows the battery cell semi-finished
product formed by storing the electrode assembly in the
battery case.

[0900] In a pouch cell in which the electrode assembly
is stored in a pouch-type case, the electrode assembly
is stored in the cases m1 and m2, an electrolyte is inject-
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ed, and then the periphery of the case is sealed. Such
an upper assembly has not yet been provided with the
characteristics of the battery and needs to go through a
formation process, such as an activation process or an
aging. Therefore, this may be referred to as "a battery
cell semi-finished product." A battery cell before becom-
ing a final product may be referred to as "a packaging
cell PC1 or the like."

[0901] FIG. 94 shows a battery cell manufactured as
the pouch cell PC, which is a final product, by removing
and sealing a gas collector after the formation process.
[0902] In the battery cell semi-finished product or the
battery cell, the upper level ID may be provided to, for
example, the cell cases m1 and m2.

[0903] Meanwhile, the above-described unit electrode
or electrode assembly may be wound to form a so-called
jelly roll type electrode assembly. The electrode assem-
bly in the form of the jelly roll becomes the target of the
present disclosure because it also has an electrode ID.
The electrode assembly in the form of the jelly roll may
be accommodated in a cylindrical or prismatic battery
can to form a cylindrical battery cell CB or a prismatic
battery cell PB as shown in FIG. 95.

[0904] FIG. 96 shows that the battery cells are stacked
together to form a battery cell stack 810, or the battery
cell stack 810 is accommodated in module cases 820,
830, 840, and 850 to form a battery module 800. In ad-
dition, FIG. 96 shows that the battery module 800 is ac-
commodated in the pack case to form a battery pack 900.
[0905] Even in this case, it is possible to match each
electrode ID with the laminate ID, the module ID, or the
pack ID provided as the upper level identification mark.
[0906] In FIGS. 91 to 96, each ID of the upper level
assembly provided to the upper level assembly may be
vertically and sequentially matched with an ID of a lower
assembly. Finally, the upper level assembly may match
the electrode ID, which is the lowest unit.

[0907] The electrode ID of the electrode provided in
the upper level assembly may be matched with the proc-
ess data of each manufacturing process of the upper
level assembly by the process controller 7400 or the like.
In addition, the electrode ID matches the coordinate val-
ues of the coordinate value data server 7100 and the
process data of the preceding process.

[0908] Therefore, the process data matching the roll
map coordinate value based on the above-described
electrode identification mark and roll map coordinate val-
ue may match the process data of the following process
matching the identification mark.

[0909] Accordingly, since data on quality or defects can
be displayed on a roll map bar displaying an imitated
electrode in a roll-to-roll state, it is possible to visually
and easily identify the data on quality or defects of an
electrode manufacturing process at a glance.

[0910] In addition, since the data on quality or defects
is displayed on the roll map bar without being directly
marked on an electrode or a secondary battery, it is pos-
sible to accurately display the data on quality or defects

EP 4 340 054 A1

10

15

20

25

30

35

40

45

50

55

88

174

on a coating part as well as a non-coating part.

[0911] In addition, since the data is displayed on the
roll map without being directly marked on the electrode
or the battery, even when the electrode is assembled or
the battery is manufactured with the electrode in a fol-
lowing process, it is possible to easily find the cause of
a subsequent fault or defect from roll map data of the
corresponding electrode as long as a lot number of the
battery or electrode is known, thereby carrying out inter-
process quality correlation analysis with high accuracy.
[0912] In an electrode manufacturing process accord-
ing to the present disclosure, it is possible to accurately
identify a loss amount and position of an electrode using
a reference point. In addition, since the loss amount of
the electrode is automatically and accurately measured
without depending on the naked eye or feeling of an op-
erator, it is possible to increase the reliability of loss
amount data and effectively use such data information
in the following process.

[0913] Inaddition, by displaying the reference point on
a roll map on which the electrode is imitated and which
also displays information on a loss amount of the elec-
trode on the roll map, it is possible to visually and easily
the data on quality or defects at a glance in relation to
the reference point.

[0914] In addition, in each detailed sub-process of the
electrode manufacturing process, since the roll map on
which the reference points are displayed can be referred
for quality, defect control, and performing the following
process, it is possible to accurately perform processing,
defect removal, or the like in the following process.
[0915] Further, it is possible to provide the roll map
capable of visually identifying events on the quality or
defects of each detailed process in the electrode manu-
facturing process in which the electrode moves in the
roll-to-roll state and data on the events.

[0916] In addition, by correcting coordinates of the roll
map of the preceding sub-process, it is possible to use
the roll map of the preceding sub-process in the following
sub-process without any mistake.

[0917] In addition, it is possible to reliably and easily
remove the defects occurring in the preceding process
without omission in the following process using the roll
map information.

[0918] By matching coordinate values of roll maps of
each process with coordinate value of a final process in
a series of roll-to-roll processes, it is possible to easily
identify the data on quality or defects of a survival elec-
trode surviving in the final process.

[0919] In addition, it is possible to easily identify in-
spection history of the electrode manufacturing process
using the matched roll map.

[0920] In addition, by making up an overlay roll map
by the roll map matching of a predetermined logic even
when start and end portions of an electrode roll are re-
versed or top and back surfaces of the electrode roll are
reversed while undergoing the series of roll-to-roll proc-
esses, itis possible to quickly and intuitively track a prob-
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lem with the quality of the electrode when the problem
occurs.

[0921] Further, in the electrode manufacturing process
before a notching process, it is possible to track a position
of an electrode from which a unit electrode of the notching
process is derived.

[0922] In addition, since it is possible to identify from
which electrode the unit electrode manufactured in the
notching process has been derived in the electrode man-
ufacturing process, analysis of a cause of defects or qual-
ity tracking of semi-finished or finished battery cells in a
following process can be performed in units of cells up
to the electrode manufacturing process.

[0923] Moreover, itis possible to identify lotinformation
of electrode slurry at a supply tank stage. Therefore, it is
possible to track the quality of the electrode slurry pro-
duced from a corresponding supply tank.

[0924] In addition, when an electrode has a defect or
a battery manufactured with the electrode fails, it is pos-
sible to easily identify the defector the cause of the failure.
[0925] According to a system for manufacturing a bat-
tery and a method of operating the same described
above, it is possible to generate a virtual ID based on
specification information on a positive electrode, thereby
securing the traceability of data on the positive electrode.
[0926] According to a method and system for manu-
facturing a battery described above, it is possible to in-
crease the reliability of the quality analysis of the battery
through the accurate matching between process data
and the battery.

[0927] As further described above, by effectively dis-
tributing data required for making up the roll map, it is
possible to reduce a load of the data applied to a roll map
make-up unit. Therefore, it is possible to increase a data
processing speed of a system for making up the roll map
and more effectively manage data on the roll map.
[0928] In addition, by matching coordinate values of
the roll maps made up in each process, it is possible to
compare a change of an actual electrode when a plurality
of processes are performed based on the same criterion.
It is possible to easily identify the inspection history or a
change in equipmentdata in the electrode manufacturing
process using the matched roll map.

[0929] As also described above, itis possible to easily
manage the quality of the electrode and an upper level
assembly including the electrode based on an identifica-
tion mark and coordinate values of the electrode in the
following processes after assembly as well as in the elec-
trode manufacturing process and the assembly process.
[0930] In addition, by connecting the identification
marks to the coordinate values, it is possible to match
and manage roll map data information and process data
of the following process. Therefore, it is possible to track
the quality of all processes from the electrode manufac-
turing process to a process before the final process.
[0931] In addition, various effects that may be directly
or indirectly identified through this document can be pro-
vided.
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[0932] The above description is merely the exemplary
description, and those skilled in the art to which embod-
iments disclosed in this document pertain will be able to
variously modify and change the present disclosure with-
out departing from the scope of the invention defined in
the appended claims.

Claims

1. Anapparatus for making up a roll map for supervising
a secondary battery manufacturing process, com-
prising:

an inspection and/or measurement device pro-
vided for at least one of respective sub-process-
es of the secondary battery manufacturing proc-
ess, being configured to inspect and/or measure
an electrode subject to one of the respective
sub-processes and acquire inspected and/or
measured data specific to the respective sub-
process;

a data recording unit configured to collect proc-
ess data including the inspected and/or meas-
ured data specific to the respective sub-process
and to acquire corresponding coordinate val-
ue(s) of the position of the inspection and/or
measurement on the electrode; and

a roll map make-up unit configured to, based on
the collected process data, make up a roll map
including a visual imitation of the electrode sub-
ject to the respective sub-process, reflecting at
least part of the process data acquired in the
respective sub-process and the corresponding
coordinate value(s) of the position of the inspec-
tion and/or measurement.

2. The apparatus of claim 1, wherein the secondary
battery manufacturing process includes a series of
roll-to-roll sub-processes in which an electrode is
moved between an unwinder and a rewinder.

3. The apparatus of claim 1 or 2, further comprising a
position measurement device configured to acquire
coordinate values of a position of the electrode sub-
ject to one of the respective sub-processes.

4. The apparatus of claim 2 or 3, insofar as dependent
upon claim 2, wherein the position measurement de-
vice is a rotary encoder configured to measure the
position on the electrode according to an amount of
rotation of the unwinder and/or the rewinder.

5. The apparatus of any one of the preceding claims,
wherein the data recording unit is configured to fur-
ther store correlation information between a position
on the electrode being subject to one of the sub-
processes and a position corresponding thereto on
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the electrode being subject to another one of the
sub-processes.

The apparatus of any one of the preceding claims,
wherein the inspected and/or measured data is one
of the following items:

i) data on atleast one of a dimension and a width
of the electrode;

ii) data on mismatch between an electrode coat-
ing part and an electrode non-coating part;

iii) data on an amount of slurry loading on the
electrode;

iv) data on an exterior of the electrode;

v) data on a position of an electrode disconnec-
tion section or a connection position between
electrodes;

vi) data on a position of a sample inspection unit;
vii) data on a position of an electrode discard
section;

viii) data on insulation quality or a defect in an
insulating material coating process performed
after electrode slurry coating;

ix) other pieces of defect data;

x) data on reference points marked on the elec-
trode at predetermined intervals; and

xi) data on a thickness of the electrode after a
roll press is performed.

The apparatus of any one of the preceding claims,
wherein the inspection and/or measurement device
is at least one of:

a reference point measurement device config-
ured to measure reference points marked on the
electrode at predetermined intervals;
ajointmeasurementdevice configured to detect
a j oint attached to the electrode;

a loading amount measurement device config-
ured to measure an amount of slurry loading on
the electrode;

a dimension and width measurement device;
an electrode exterior inspection device; and
an electrode thickness measurement device.

The apparatus of any one of claims 3 to 7, insofar
as dependent upon claim 3, wherein the inspection
and/or measurement device is directly associated to
the position measurement device so as to acquire
coordinate value(s) of an electrode part for which the
inspected and/or measured data has been acquired,
and

wherein the inspection and/or measurement device
is configured to transmit the inspected and/or meas-
ured data and the corresponding coordinate value(s)
of the inspection and/or measurement to the roll map
make-up unit.
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The apparatus of any one of claims 2 to 7, insofar
as dependentupon claim 2, further comprising a con-
troller configured to control electrode movement be-
tween the unwinder and the rewinder,
wherein the controller is configured to:

match the inspected and/or measured data with
coordinate value(s) of an electrode part for
which the inspected and/or measured data has
been acquired; and

transmit the inspected and/or measured data
and the matched coordinate value(s) of the in-
spection and/or measurement to the roll map
make-up unit.

The apparatus of any one of claims 2 to 9, insofar
as dependent upon claim 2, wherein the coordinate
value of the electrode part in a longitudinal direction
of the electrode, for which the inspected and/or
measured data has been acquired is obtained by
adding a coordinate value according to an amount
of rotation of the rewinder at a time point of the cor-
responding inspection and/or measurement and an
offset distance between the inspection and/or meas-
urement device and the rewinder.

The apparatus of any one of the preceding claims,

wherein the inspection and/or measurement de-
vice is configured to detect reference points
marked on the electrode at predetermined inter-
vals, and

wherein the roll map make-up unit is configured
to mark the detected reference points on the vis-
ual imitation of the roll map at positions corre-
sponding to coordinate values of the reference
points on the electrode.

The apparatus of any one of the preceding claims,
wherein the roll map make-up unitis a manufacturing
execution system (MES) or a statistical process con-
trol (SPC) unit.

The apparatus of any one of the preceding claims,
wherein the roll map make-up unit includes a visu-
alization device configured to define a visualization
region for presenting the visual imitation of the roll
map and display the coordinate value(s) and visual-
ize and display the inspected and/or measured data
on the defined region.

The apparatus of claim 13, wherein the roll map
make-up unit further includes a central processing
unit configured to compare the inspected and/or
measured data with normal data, and visualize and
display data determined abnormal on the defined re-
gion.
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The apparatus of any one of the preceding claims,
further comprising a manual input device configured
to receive manually inspected and/or measured data
of the electrode,

wherein the manual input device is configured to
transmit the received manually inspected and/or
measured data to the roll map make-up unit either
directly or indirectly.

The apparatus of any one of claims 3 to 15, insofar
as dependent upon claim 3, wherein the coordinate
value(s) acquired by the position measurement de-
vice include(s) at least value(s) representing a posi-
tion on the electrode in a longitudinal direction.

The apparatus of claim 16, wherein the coordinate
value(s) further include(s) values representing a po-
sition on the electrode in a width direction.

The apparatus of claim 17, wherein the inspection
and/or measurement device is adapted to acquire
the coordinate values of the position in the width di-
rection.

The apparatus of any one of the preceding claims,
wherein the roll map make-up unit is configured to
make up at least one of:

an absolute coordinate roll map representing co-
ordinate values of the entire electrode that has
been subject to one of the respective sub-proc-
esses, including an electrode part that has been
removed during/after the respective sub-proc-
ess and a remaining electrode part; and

a relative coordinate roll map representing co-
ordinate values of only the remaining electrode
part.

The apparatus of any one of the preceding claims,
wherein the roll map make-up unitis adapted to make
up a roll map representing both a top and a bottom
surface of the electrode.

The apparatus of any one of the preceding claims,
insofar as dependent upon claims 3 and 11,

wherein the position measurement device is
configured to derive coordinate value(s) of the
detected reference points on the electrode in
one of the respective sub-processes, and
wherein the apparatus further comprises a cal-
culator configured to calculate a loss amount of
the electrode by comparing the derived refer-
ence point coordinate values with reference
point coordinate values set prior to the respec-
tive sub-process.

The apparatus of any one of the preceding claims,
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further comprising a roll map matching unit config-
ured to match the visual imitation of the electrode of
the respective sub-processes to the visual imitation
of the electrode of the final sub-process, such that
the visual imitations show identical electrode surface
and parts, sharing common coordinate values.

The apparatus of any one of the claims 1 to 22, com-
prising:

a first roll map make-up unit configured to make
up a first roll map corresponding to at least one
of the sub-processes, wherein the first roll map
includes a visual imitation of the electrode sub-
ject to one of the respective sub-processes, re-
flecting sample process data, which is a subset
of the process data including the inspected
and/or measured dataacquiredin the respective
sub-process, and the corresponding coordinate
values of the position of the inspection and/or
measurement; and

a second roll map make-up unit configured to
make up a second roll map corresponding to the
respective sub-process, wherein the second roll
map includes a visual imitation of the electrode
subject to the respective sub-process, reflecting
the sample process data of the first roll map and
further reflecting additional data associated with
the sample process data and the coordinate val-
ues of the position of the inspection and/or
measurement.

The apparatus of claim 23, further comprising a roll
map matching unit configured to perform atleastone
of the following operations of:

i) matching coordinate values of the first roll map
in a first sub-process with coordinate values of
the first roll map in a second sub-process carried
out directly following to the first sub-process so
that a visual imitation of the electrode included
in the first roll map of the first sub-process cor-
responds to a visual imitation of the electrode
included in the first roll map of the second sub-
process;

ii)matching coordinate values of the first roll map
in each of the sub-process with coordinate val-
ues of the first roll map of a final sub-process
among the plural sub-processes so that a visual
imitation of the electrode included in the first roll
map of the final sub-process corresponds to a
visual imitation of the electrode included in the
first roll map of each sub-process carried out
preceding the final sub-process;

iii) matching coordinate values of the second roll
map of the first sub-process with coordinate val-
ues of the second roll map of the second sub-
process carried out directly following to the first
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sub-process so that a visual imitation of the elec-
trode included in the second roll map of the first
sub-process corresponds to a visual represen-
tation of the electrode included in the second roll
map of the second sub-process; and

iv) matching coordinate values of the second roll
map in each sub-process with coordinate values
of the second roll map in a final sub-process
among the plural sub-processes so that a visual
imitation of the electrode included in the second
roll map in the final sub-process corresponds to
a visual imitation of the electrode included in the
second roll map in each sub-process carried out
preceding the final sub-process.

25. A system for supervising a secondary battery man-

ufacturing process including the apparatus for mak-
ing up a roll map according to any one of the pre-
ceding claims, the system comprising:

a notching controller configured to acquire co-
ordinate information of a position on an elec-
trode moving in a notching process and a cell
ID provided on a respective one of notched unit
electrodes;

a calculation unit configured to calculate, based
on the cell ID acquired by the notching controller
and a pitch information representing a width of
the notched unit electrodes, a coordinate value
of the acquired cell ID on the electrode, repre-
senting a position of the corresponding notched
unit electrode;

the roll map make-up unit, being configured to
generate roll maps of respective sub-processes
of the electrode manufacturing process by re-
flecting electrode length changes during the pre-
ceding electrode manufacturing process on the
coordinate information of a position on the elec-
trode in the notching process transmitted from
the notching controller; and

a mapping unit configured to derive a position
of the electrode in the electrode manufacturing
process from which the respective notched unit
electrode originates, by comparing coordinate
values of the generated roll map and the calcu-
lated coordinate value of the cell ID.

26. A system for supervising a manufacturing process

of a battery, comprising:

an apparatus for making up a roll map of any
one of claims 1 to 24;

a coordinate value data server configured to
store coordinate values indicating a position of
an electrode moving in one of the sub-process-
es, wherein the coordinate values are coordi-
nate values that are reflected in a roll map gen-
erated by the roll map make-up unit;
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an identification mark providing device config-
ured to provide an identification mark on the
electrode at predetermined intervals; and

a data manager configured to match coordinate
values stored by the coordinate data value serv-
er corresponding to the identification mark and
the identification mark.

A computer-implemented method of making up a roll
map for supervising a secondary battery manufac-
turing process, the method comprising:

acquiring process data by inspecting and/or
measuring an electrode subject to one of the
respective sub-processes and acquiring in-
spected and/or measured data specific to the
respective sub-process;

acquiring corresponding coordinate value(s) of
a position of the inspection and/or measurement
on the electrode; and

making up a roll map corresponding to at least
one of the sub-processes based on the process
data, wherein the roll map includes a visual im-
itation of the electrode subject to the respective
sub-process, reflecting at least part of the proc-
ess data acquired in the respective sub-process
and the corresponding coordinate value(s) of
the position of the inspection and/or measure-
ment.

The method of claim 27, wherein the secondary bat-
tery manufacturing process includes a series of roll-
to-roll sub-processes in which an electrode is moved
between an unwinder and a rewinder.

The method of claim 27 or 28, further comprising:
registering specifications of an electrode roll to be
subject to one of the respective sub-processes,
wherein the registering is preferably performed be-
fore the acquiring of the inspected and/or measured
data and the coordinate value(s).

The method of any one of claims 27 to 29, wherein
the roll map further includes correlation information
between a position on the electrode being subject to
one ofthe sub-processes and a position correspond-
ing thereto on the electrode being subject to another
one of the sub-processes.

The method of any one of claims 27 to 30, further
comprising:

detecting reference points on the electrode
marked at predetermined intervals; and
marking the detected reference points on the roll
map at positions corresponding to coordinate
values of the corresponding reference points on
the electrode.
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32. The method of any one of claims 27 to 31, further

33.

comprising comparing the inspected and/or meas-
ured data with normal data, and marking data deter-
mined abnormal on the roll map to be visually distinct
from the normal data.

The method of any one of claims 27 to 32, further
comprising:

inspecting and/or measuring a status of material
input to at least one of the respective sub-proc-
esses to acquire data on the input material sta-
tus; and

incorporating the data on the input material sta-
tus into said process data, in connection with
the atleast one of the respective sub-processes.

34. The method of any one of claims 27 to 33, further

comprising:

incorporating into the process data further data
concerning conditions of the respective sub-
process while the electrode is subject to the re-
spective sub-process, in connection with coor-
dinate values or data display parts of the roll
map.

35. The method of any one of claims 31 to 34, insofar

as dependent upon claim 31, further comprising:

deriving coordinate values of the detected ref-
erence points, and

calculating a loss amount of the electrode by
comparing the derived reference point coordi-
nate values with reference point coordinate val-
ues set prior to the respective sub-process.

36. The method of any one of claims 27 to 35, further

comprising:

matching the visual imitation of the electrode of
the respective sub-processes to the visual imi-
tation of the electrode of the final sub-process,
such that the visual imitations show identical
electrode surface and parts, sharing common
coordinate values.

37. The method of any one of claims 27 to 36, wherein

making up the roll map includes:

making up a first roll map corresponding to at
least one of the sub-processes, wherein the first
roll map includes a visual imitation of the elec-
trode subject to one of the respective sub-proc-
esses, reflecting sample process data, which is
a subset of the process data including the in-
spected and/or measured data acquired in the
respective sub-process, and the coordinate val-
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ue(s) of the position of the inspection and/or
measurement;

storing additional data associated with the sam-
ple process data of the respective sub-process;
and

making up a second roll map corresponding to
the respective sub-process, wherein the second
roll map includes a visual imitation of the elec-
trode subject to the respective sub-process, re-
flecting the sample process data of the first roll
map and further reflecting additional data asso-
ciated with the sample process data and the co-
ordinate values of the position of the inspection
and/or measurement.

method of claim 37, further including at least
of the following steps:

i) matching coordinate values of the first roll map
in a first sub-process with coordinate values of
the first roll map in a second sub-process carried
out directly following to the first sub-process so
that a visual imitation of the electrode included
in the first roll map of the first sub-process cor-
responds to a visual imitation of the electrode
included in the first roll map of the second sub-
process;

iiymatching coordinate values of the first roll map
in each of the sub-process with coordinate val-
ues of the first roll map of a final sub-process
among the plural sub-processes so that a visual
imitation of the electrode included in the first roll
map of the final sub-process corresponds to a
visual imitation of the electrode included in the
first roll map of each sub-process carried out
preceding the final sub-process;

iii) matching coordinate values of the second roll
map of the first sub-process with coordinate val-
ues of the second roll map of the second sub-
process carried out directly following to the first
sub-process so that a visual imitation of the elec-
trode included in the second roll map of the first
sub-process corresponds to a visual represen-
tation of the electrode included in the second roll
map of the second sub-process; and

iv) matching coordinate values of the second roll
map in each sub-process with coordinate values
of the second roll map in a final sub-process
among the plural sub-processes so that a visual
imitation of the electrode included in the second
roll map in the final sub-process corresponds to
a visual imitation of the electrode included in the
second roll map in each sub-process carried out
preceding the final sub-process.

39. A computer-implemented method for supervising a
secondary battery manufacturing process including
the method of making up a roll map according to any
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one of claims 27 to 38, the method comprising:

acquiring coordinate information of a position on
an electrode moving in a notching process and
acell ID provided on arespective one of notched
unit electrodes;

calculating, based on the acquired cell ID and a
pitch information representing a width of the
notched unit electrodes, a coordinate value of
the acquired cell ID on the electrode, represent-
ing a position of the corresponding notched unit
electrode;

generating roll maps of respective sub-process-
es of the electrode manufacturing process by
reflecting electrode length changes during the
preceding electrode manufacturing process on
the acquired coordinate information of a position
on the electrode in the notching process; and
deriving a position of the electrode in the elec-
trode manufacturing process from which the re-
spective notched unit electrode originates, by
comparing coordinate values of the generated
roll map and the calculated coordinate value of
the cell ID.

A computer-implemented method for supervising a
secondary battery manufacturing process including
the method of making up a roll map according to any
one of claims 27 to 38, the method comprising:

acquiring data of coordinate values indicating a
position of an electrode being subject to one of
the respective sub-processes, wherein the co-
ordinate values are coordinate values that are
reflected in the roll map made-up for the respec-
tive sub-process;

providing an identification mark on the electrode
at predetermined intervals; and

matching coordinate values corresponding to
the identification mark and the identification
mark.

A storage medium storing software executable by a
computer, the software including commands config-
ured to, when being executed by the computer,
cause the computer to carry out a method according
to any one of claims 27 to 40.

A roll map for supervising a secondary battery man-
ufacturing process, comprising at least one roll map
bar as a visual imitation of the electrode subject to
one of the respective sub-processes,

wherein the roll map bar reflects thereon at least part
of process data acquired in the respective sub-proc-
ess, including inspected and/or measured data ac-
quired in the respective sub-process by inspecting
and/or measuring the moving electrode, at coordi-
nate value(s) corresponding to the position of the
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inspection and/or measurement.

The roll map of claim 42, wherein the secondary bat-
tery manufacturing process includes a series of roll-
to-roll sub-processes in which an electrode is moved
between an unwinder and a rewinder.

The roll map of claim 42 or 43, wherein the roll map
further includes correlation information between a
position on the electrode subject to one of the sub-
processes and a position corresponding thereto on
the electrode subject to another one of the sub-proc-
esses.

The roll map of any one of claims 42 to 44, wherein
the roll map further comprises information on at least
one of: specifications of the electrode subject to the
respective sub-process; the respective sub-process;
and an equipment employed in the respective sub-
process.

The roll map of any one of claims 42 to 45, wherein
the inspected and/or measured data is one or more
of the following items:

i) data on atleast one of a dimension and a width
of the electrode;

ii) data on mismatch between an electrode coat-
ing part and an electrode non-coating part;

iii) data on an amount of slurry loading on the
electrode;

iv) data on an exterior of the electrode;

v) data on a position of an electrode disconnec-
tion section or a connection position between
electrodes;

vi) data on a position of a sample inspection unit;
vii) data on a position of an electrode discard
section;

viii) data on insulation quality or a defect in an
insulating material coating process performed
after electrode slurry coating;

ix) other pieces of defect data;

x) data on reference points marked on the elec-
trode at predetermined intervals; and

xi) data on a thickness of the electrode after a
roll press is performed.

The roll map of any one of claims 42 to 46, wherein
the roll map bar includes multiple portions respec-
tively corresponding to each electrode lane and/or
each of a top surface and a bottom surface of the
electrode, and

at least part of the inspected and/or measured data
is displayed on at least one of the multiple portions
of the roll map bar.

The roll map of any one of claims 42 to 47, further
comprising data on a status of material input to at
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least one of the respective sub-processes.

The roll map of any one of claims 42 to 48, wherein
each of the roll map bars includes reference points
marked thereon at positions corresponding to coor-
dinate values of corresponding reference points
marked on the electrode.

The rollmap of any one of claims 42 to 49, comprising
at least one of:

an absolute coordinate roll map representing co-
ordinate values of the entire electrode that has
been subject to one of the respective sub-proc-
esses, including an electrode part that has been
removed during/after the respective sub-proc-
ess and a remaining electrode part; and

a relative coordinate roll map representing co-
ordinate values of only the remaining electrode
part.

The roll map of any one of claims 42 to 50, wherein
the at least one roll map bar of the respective sub-
processes is matched to a roll map bar of the final
sub-process, such that the roll map bars show iden-
tical electrode surface and parts, sharing common
coordinate values.

A storage medium storing the roll map of any one of
claims 42 to 51.
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[FIG. 6]
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[FIG. 8]
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[FIG. 10]
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[FIG. 11]
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[FIG. 13]
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[FIG. 15]
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[FIG. 16]
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[FIG. 17]
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[FIG. 18]
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[FIG. 20]
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[FIG. 22]
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[FIG. 25]
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[FIG. 26]
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[FIG. 27]
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[FIG. 29]
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[FIG. 31]
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[FIG. 33]
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[FIG. 37]
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[FIG. 41]
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[FIG. 42]
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[FIG. 43]
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[FIG. 44]
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[FIG. 49]
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[FIG. 79B]
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[FIG. 80]
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[FIG. 82]
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[FIG. 83]
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[FIG. 87]
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[FIG. 89]
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[FIG. 90]
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